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The forests o f  western M ontana were historically characterized by m ixed-severity fire regim es, 
which have been m ostly absent due to fire suppression policies o f  the 20th century. This has 
changed stand structure and forest composition, resulting in a  high risk o f  wildfire, loss o f  
heterogeneity in forest types, and loss o f  valuable wildlife habitat. As a result forest stewardship, 
or holistic forest m anagement, and long-term  planning have been used widely by forest managers 
and landowners to improve forest health, to use resources efficiently, and to satisfy stakeholders. 
This case study shows how one agency, M ontana Fish, W ildlife, and Parks (FW P), could 
develop a forest stewardship planning protocol to improve w ildlife habitat conditions on their 
forest properties. The planning process includes a  forest inventory, developm ent o f  forest 
restoration and habitat im provem ent prescriptions, and a ranking o f  potential projects according 
to m ultiple objectives using the Analytical Hierarchy Process (AHP). Some difficulties were 
encountered while studying the exam ple problem  and can provide insight into how best to 
im plem ent AHP in forest planning. W ith these difficulties considered, AH P was found to be a 
useful tool because it allows for incorporating m ultiple interests and objectives, accom modates 
m ultiple kinds o f  data, ranging from qualitative scientific m odels to quantitative values-based 
data, and allows for and facilitates comm unication w ith stakeholders. AH P enables efficient use 
o f  resources for difficult or complex forest planning problem s and provides a tool for managers 
to analyze and com m unicate a  preferential decision. If  used appropriately, this planning tool 
could greatly improve the conditions o f  fire-dependent forests in western M ontana and habitat o f  
FW P lands by optim izing use o f  available funding on the forest stands m ost in need o f 
stewardship and restoration.
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1 INTROD U CTION  
1.1 Purpose and Need
The forests o f  W estern M ontana were historically characterized by natural fire regimes. Low 
elevation forest types experienced a high-frequency, low-intensity fire regim e which maintained 
open park-like forests and grasslands, while a  m ixed-severity regime characterized the upper 
elevations m aintaining a mosaic o f  age, composition, and structure. However, one hundred years 
o f  active fire suppression policies have dram atically changed landscape conditions with the 
following implications: increased risk o f  stand-replacing, catastrophic wildfire; loss o f  
ecological diversity and landscape heterogeneity; and reduced wildlife habitat quality for many 
species dependent on periodic disturbances and the associated forest structures. Forest managers 
and land-owners throughout the region are working proactively to restore or m im ic natural fire 
regim es to improve forest health and increase wildlife habitat. This desire to manage the forest 
with a  m ore holistic approach and for ecological processes has becom e known as forest 
stewardship. Forest stewardship program s sponsored by the US Forest Service and state 
agencies have becom e comm on to assist private land-owners is ecological forest m anagement 
and protection o f  forest resources. In addition, the US Forest Service has been given legislative 
power to im plem ent Stewardship Contracting (16 U.S.C. 2104). This program  allows the USFS 
to trade forest goods (timber revenue) for additional services that benefit ecosystem  health, such 
as road m aintenance, all while supporting local forest industries.
M ontana Fish, W ildlife and Parks (FW P) m anages 135,000 acres o f  forest land in 
wildlife m anagem ent areas and state parks as part o f  their m ission to protect endangered habitats. 
However, FW P m anagem ent has been focused on m anagem ent o f  w ildlife, grasslands and 
riparian habitats, and hunting. Unfortunately, the lack o f  forests m anagement, combined with
fire suppression, has resulted in a  degradation o f  valuable forested habitat. Therefore, there is a 
need to develop an agency-wide protocol for implem entation o f  forest stewardship, habitat 
improvement and restoration o f  historic forest conditions. In recognition o f  this need, the 
M ontana Legislature has recently approved a m echanism  providing a m andate to “address fire 
mitigation, pine beetle infestation, and wildlife habitat enhancem ent giving priority to forested 
lands in excess o f  50 contiguous acres in ...any  area under the departm ent's jurisdiction.” (House 
Bill 42, Section 2 (9)(a)(iv)). The bill also provides a “forest m anagem ent account” that will 
allow FW P to deposit forest m anagement revenue for use in implem entation o f  additional forest 
m anagement projects within its jurisdiction (HB 42, Section 4). As this thesis is being written 
(April 25, 2009) the bill has unanimously passed the M ontana House o f  Representatives and 
Senate and is awaiting the signature o f  the governor. It is slated to take effect July 1, 2009. 
Refer to Appendix H for the full text o f  this bill. This new mandate will require that FW P 
develop forest m anagement plans and design forestry projects for implem entation; however, 
there is currently no example o f  this type o f  work within the agency to use as a  guide.
In this thesis, I will describe the process I used to develop a dem onstration forest 
stewardship plan for M ontana FW P. The result o f  my work is a restoration and habitat 
improvement plan for the 4,000-acre Ovando M ountain unit o f  the Blackfoot-Clearwater 
W ildlife M anagem ent Area (BCW M A) located in Powell County, M ontana. This W M A has 
historically been m anaged for elk and deer winter range values, however, because o f  the 
diversity o f  vegetation types present on the BCW M A, FW P seeks to restore and m aintain high 
quality habitat for a  wide range o f  native species. The Ovando M ountain Plan will serve as a 
pilot project for future forest stewardship plans throughout FW P’s forestland ownership under 
the anticipated forest m anagement mandate.
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The Ovando Mountain site will be an especially useful demonstration area for several 
reasons. First, the area has historically been and continues to be excellent habitat for many 
species o f concern. This is largely due to the proximity and connectivity to undeveloped 
wilderness areas. In addition, the project area is currently undisturbed and roadless, making it a 
much needed refuge for sensitive species such as elk (<Cervus canadensis) or grizzly bears ( Ursus 
arctos horribilis). There are also unique, declining habitats, such as aspen {Populous 
tremuloides) stands and whitebark pine (Pinus albiaculis) stands. Lastly, the project area is 
located within a cooperative landscape management area (The Blackfoot Community 
Conservation Area -  BCCA), providing resources, funding and staff for implementation of 
stewardship projects.
1.2 Objectives
The main objective o f  the project is to provide FWP with a prescriptive, management- 
oriented plan that can be used to guide a series o f habitat improvement and restoration projects 
throughout the Ovando Mountain Unit o f the BCWMA (The Project Area). The plan will 
provide an inventory o f current vegetative condition and a range o f forestry prescriptions that 
will: improve wildlife habitat, especially for elk and mule deer {Odocoileus hemionus); return 
the site to the historical range o f vegetative condition; and prepare the site for the restoration o f 
the historic fire regime. Tis planning process will help FWP follow through on its commitment to 
the goals o f the Blackfoot Community Conservation Area (BCCA) cooperative landscape 
management project. It is necessary to work with the BCCA Council, a collection o f 
neighboring land-owners and managers, throughout the process. The planning process should 
seek public input, encourage consistent data collection and management direction among the
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several cooperators, and identify potential cross-boundary, landscape-level collaborative 
projects.
Additionally, the Project demonstrates a  forest stewardship model and planning protocol 
which could lay the foundation for forest stewardship activities throughout the BCCA and 
FW P’s other forest lands. For the purposes o f  this project, forest stewardship has been defined 
as holistic, ecological forest m anagement that allows FW P to restore wildlife habitat by 
reinvesting forestry revenue directly into onsite forest stewardship projects. Overall,, the plan 
created for FW P will not lay out a  tim eline or a detailed forest schedule. Rather, it will be used 
to provide guidance to managers as treatm ent opportunities arise. This will accom modate the 
ability o f  FW P, a wildlife m anagem ent agency with no dedicated stream o f  funding, to complete
forestry projects m ost effectively and efficiently.
Lastly, the planning process will demonstrate how  m ultiple-criteria decision-analysis 
(MCDA) tool, the Analytical Hierarchy Process (AHP), can be applied. AHP can incorporate 
m anager and stakeholder concerns efficiently and will provide a ranked list o f  alternatives for 
prioritizing restoration efforts. This thesis will apply AHP to forest stewardship planning, and 
evaluate the potential use o f  AHP as a planning tool for FW P to use on other forest m anagement 
projects. The research questions discussed in this thesis are:
(1) W hat are the habitat im provem ent and forest stewardship priorities for the Ovando 
M ountain Unit o f  the BCW M A?
(2) How can AHP be applied to prioritize forest habitat im provem ent projects given 
multiple objectives and comm unity concerns?
(3) How do variations in the AHP structure and weights affect the outcom e o f  the plan?
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(4) Is the AHP planning protocol developed for this Project area replicable for use on 
other FWP lands?
1.3 Thesis Format
Chapter 2 provides a literature review o f relevant topics. Three literature reviews have 
been included, and will serve as a basis for research. Section 2.1 discusses wildlife habitat 
quality evaluation, focusing on elk and mule deer habitat improvement. Section 2.2 will discuss 
the principles o f forest restoration and the restoration methods that have been applied to the 
forest types found on the project area. Lastly, Section 2.3 discusses the use o f MCDA methods, 
including AHP, in forest planning and how they might best apply to this project.
Chapter 3 discusses the methods that were employed to complete a forest inventory, 
perform data analysis, design prescriptions, apply AHP to prioritize stands for treatment, and
incorporate community input.
Chapters 4 is a manuscript entitled A guide fo r  using the Analytical Hierarchy Process 
fo r  multi-objective forest planning. This manuscript is intended to provide a step-by-step 
description o f the AHP and provide an example in which multi-disciplinary data sources were 
accommodated within AHP to create a forest plan.
Chapter 5 is a manuscript entitled Forest habitat improvement on the Blackfoot- 
Clearwater Wildlife Management Area: A case study in forest stewardship planning  This 
manuscript is intended to show the case study as one approach to forest stewardship planning 
and provide recommendations for forest managers and practitioners.
Chapter 6 provides additional discussion not included in the manuscripts as well as 
recommendations and implications for forest management.
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2 LITERATURE REVIEW
2.1 Habitat Evaluation and Improvement
As the forests o f Western Montana have been altered by human use and fire suppression 
policies, the habitat quality and availability has changed for many native wildlife species, 
including elk and mule deer (ex. altered abundance and diversity o f  browse and forage species 
(Amo and Fiedler 2005)). According to FWP managers, the primary objective o f the forest plan 
for the Ovando Mountain Unit o f the BCWMA is to improve habitat quality, particularly for elk 
and mule deer winter range. These are especially important species for the project site because 
the site is in a Block Management Unit which is designated for hunting by FWP. Also, these 
species have importance to local residents, because o f agriculture, recreation, and conservation 
concerns. The Project will restore native conditions and, more specifically, increase the 
availability o f key resources needed by the species targeted for conservation.
The following discussion provides a brief literature review o f habitat, the specific 
applications to elk and mule deer, and methods for evaluating habitat. This information will be 
used, along with other types o f data, to assess the potential effect o f planned habitat 
improvement treatments and to prioritize the Ovando Mountain stands for treatment.
2.1.1 Habitat characteristics for elk and mule deer
Habitat is the set o f resources and conditions that allows for the occupancy, survival and 
reproduction (or fitness) o f an organism in a given area (Hall et. al. 1997, Garshelis 2000). From 
this definition, habitat quality is then defined as the ability o f  a given area to provide the 
resources and conditions necessary for survival and reproduction o f an individual species (Hall 
et. al. 1997). Habitat selection, defined as the process o f an individual or population choosing
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which habitat to use, influences species distribution across the landscape (Garshelis 2000). To 
evaluate habitat improvement projects, it is necessary to study the habitat needs and distribution 
o f the species o f concern; in this case, Rocky Mountain elk (Cervus Canadensis) and mule deer
(Odocoileus hemionus).
Distribution o f elk is influenced primarily by food resources, forest cover, and predator or 
human-related risks. Important foods for elk include grasses, forbs and shrub species. On winter 
range, elk diet consists o f mostly grasses and shrub species, with grasses being about one half to 
two thirds or more o f  the diet (Kufeld 1973, Christianson and Creel 2007). Environmental 
variables such as graminoid availability, habitat type, predation risk, and winter severity may 
influence the ratio o f graminoids to browse species for elk consumption on winter range 
(Christianson and Creel 2007). Especially important grass or grass-like species include: elk 
sedge (iCarex geyeri), Idaho fescue (Festuca idahoensis), rough fescue (.Festuca campestris), and 
blue-bunch wheatgrass (.Agropyron spicatum). Important shrubs include: snowbrush ceanothus 
(Ceanothus velutinus), chokecherry (Prunus virginiana), snowberry (Symphoricarpos albus), 
willow (Salix sp j, and aspen (Populus sp.) (Kufeld 1973).
Forest cover has been shown to be an important influence on elk distribution. This is 
because elk require a mix o f different types o f cover and foraging habitat (Bettinger et. al. 1999). 
Elk seem to prefer ecotones, on the cover-forage edge as they provide greater forage diversity as 
well as cover (Bettinger et. al. 1999, Skovlin et. al. 2002). Thus landscape heterogeneity is a 
key component o f their habitat (Boyce et. al. 2003). Physical site characteristics that affect elk 
use include: slope, aspect, and weather (particularly snow depth) (Irwin 2002).
Predation risk has been shown to have a behavioral effect on prey species, such as elk, 
use o f resources (Ripple and Larson 2000). Similarly, human influences that mimic predation
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risk, such as the impacts o f road-building or logging, on elk distribution have been very well 
studied (Lyon 1979a, Lyon 1979b, Edge 1982, Edge and Marcum 1985, Rowland et. al. 2000). 
Both density (Lyon 1979a) and spatial arrangement (Rowland et. al. 2000) o f roads has been 
shown to influence distribution, as roads increase predation risks. Short-term avoidance of 
logging activities is well documented (Lyon 1979b, Edge 1982, Edge and Marcum 1985), but it 
has been shown that as long as cover remains available, elk will not abandon traditional home
ranges (Edge et. al. 1985).
Mule deer habitat use is influenced primarily by food resources and landscape 
heterogeneity. Shrubs and trees are the primary food source on mule deer winter range, 
comprising 74 percent o f the diet (Kufeld et. al. 1973). Some o f the most heavily used species 
include: serviceberry (Amelanchier alnifolia), kinnickinick (.Arctostaphylos uva-ursi), Oregon 
grape (.Berberis repens), snowbrush ceanothus (Ceanothus velutinus), ponderosa pine (Pinus 
ponderosa), chokecherry (.Prunus virginiana), snowberry (Symphoricarpos albus), willow (Salix 
sp.), and aspen (Populus sp.) (among others not found in the Project Area) (Kufeld et. al. 1973).
In addition, heterogeneity in home range is influential and a mix o f cover and forage types are 
necessary (Kie et. al. 2002, Germine et. al. 2004). Therefore, maintenance o f patches o f dense 
forest within restoration treatments that remove significant amounts o f cover may benefit the 
species (Germaine et. al. 2004).
2.1.2 Evaluating habitat quality
With the general requirements o f a species known, an investigation o f the site-specific 
resources and conditions that local ungulate populations are selecting is needed to evaluate 
habitat improvement projects. If existing habitats can be ordered by relative importance, then the 
landscape can be manipulated to contain more o f the preferred habitat (Garshelis 2000). Wildlife
biologists use a variety o f methods to measure and predict habitat use, preference, importance, 
quality and suitability. The terminology has not been well defined and is used inconsistently in 
the literature, making review o f methods difficult (Hall et. al. 1997). However, Garshelis (2000) 
provides a useful breakdown o f the various types o f habitat evaluation: (1) use-availability 
studies, (2) site-attribute studies, and (3) demographic response studies.
Use-availability studies o f habitat measure the use o f a site relative to its area (or 
availability) on the landscape (Garshelis 2000). A common example o f this is the resource 
selection function (RSF) that results in a function proportional to the probability o f a site being 
used by an animal (Manly et. al. 1993). Use is typically measured with radio-collars and is 
continuous data that can show frequency o f  use. RSF modeling makes several assumptions 
including that: availability and use do not change during the study, resource variables and use 
variables are correctly identified, organisms have “free and equal access to resources,” and 
sample units are random and independent (Manly et. al. 2002).
Site-attribute studies relate habitat characteristics to the use o f a site (Garshelis 2000).
An example o f this is species distribution modeling, which uses logistic regression to determine 
a relationship between components o f habitat and the probability o f use. For mobile animals, it 
can be difficult to use the binomial response variable (use/non-use or presence/absence) needed 
for these models (Boyce et. al. 2002). For example, measuring ungulate presense/absense 
through pellet counts is difficult because defecation rate varies with habitat (Garshelis 2000). 
Other forms o f analysis can be used for site-attribute models, such as directly relating frequency 
o f use to a habitat attribute and using histograms to rank attribute categories.
Demographic response studies compare the density or reproductive rates o f animals 
living in different habitats in order to relate habitat characteristics directly to fitness. Garshelis
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(2000) says this is ideal because selection may not show optimal habitat quality because of 
limited access or influence o f non-vegetation conditions such as predation. However, the type of 
data used for these models is not often available.
2.1.3 Applications
Given the available data for the Project Areas, a site-attribute study was chose to assess 
habitat quality and habitat quality improvement. Pellet counts will serve as a measure of 
ungulate use, despite the difficulties with this approach noted above. The ungulate use variable 
can be related to various habitat characteristics to determine influential habitat attributes.
Finally, these attributes can be manipulated on the landscape to provide a greater availability o f 
high quality habitat.
2.2 Restoration Forestry
The key objective o f the forest plan for Ovando Mountain is to improve habitat 
conditions, particularly for elk and mule deer. In addition, the Plan increases heterogeneity at the 
forest level (within the FWP land ownership) and reduce fire and insect impacts. These goals 
will contribute to FW P’s long term goal o f restoring the natural fire regime to the system. To 
accomplish these goals, the forest plan includes general forest stand prescriptions for several 
forest types. The prescriptions are intended to improve the quality o f wildlife habitat in the 
Project Area and are guided by restoration forestry principles. This section discusses the general 
principles o f restoration forestry, as well as the various forest types found in the Project Area and 
the typical restoration treatments associated with each.
Restoration forestry is the process o f returning “an approximation o f the historical 
structure and ecological processes to the tree communities” (Amo and Fiedler 2005 p. 2). In
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general, restoration forestry aims to design silvicultural treatments that emulate natural 
disturbances by adjusting stand density, structure, and composition (Amo and Fiedler 2005). 
Treatments should consider the landscape context, the historic fire regime, and site-specific 
ecology (Brown et. al. 2004). In the case o f the Western United States, periodic fire was a key 
disturbance maintaining the dynamics o f forest ecosystems. The landscape was dominated by a 
mixed-severity fire regime, with low-severity, frequent fires in low elevations and infrequent, 
stand-replacing fires in high elevations (Amo and Fiedler 2005). The result o f this fire regime 
was a heterogeneous landscape with a variety o f forest types. However, fire suppression policies 
o f the 20th century eliminated most o f this natural fire regime and resulted in a more homogenous 
landscape (Amo and Fiedler 2005). Therefore, depending on forest type and condition, 
restoration treatments for Western Montana attempt to mimic and return those historic fire 
patterns. Generally, this is done by altering the forest overstory using some silvicultural 
treatment (cutting trees) and/or prescribed burning. These overstory treatments address the 
broader goal o f ecological restoration by initiating desired changes in undergrowth plants, 
wildlife, soil, and hydrologic processes (Amo and Fielder 2005). Thus, restoration treatments 
have the potential to increase the heterogeneity o f the landscape, increase understory diversity by 
benefiting uncommon native species, and increase forage opportunities (Gibbs et. al. 2004, 
Dodson et. al. 2007,).
The project area contains five main forest types, including: (1) ponderosa pine/westem 
larch (Pinus ponderosa/Larix occidentalis), (2) Douglas-fir (Psuedotsuga menziesii) (here, 
discussed as four sub-types), (3) lodgepole pine {Pinus contorta), (4) subalpine fir/whitebark 
pine {Abies lasiocarpa/Pinus albicaulis), and (5) aspen (Populus tremuloides). Non-forested 
stands are not the main focus o f this planning effort, but will be addressed briefly. They include
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mountain shrublands and grasslands. The following discusses the literature pertinent to the 
general ecological knowledge and the restoration and habitat improvement options for each
forest type.
2.2.1 Ponderosa pine/western larch forests:
The ponderosa pine forest type is common on low to mid-elevation sites in Montana. 
Douglas-fir is commonly found in the mid-elevation ponderosa pine forest. Western larch is 
often present in these stands as a riparian element. Common literature describes the historical 
ponderosa pine forests o f the West as open park-like stands with sun-loving forbs, grasses, and 
shrubs in the understory. This forest is commonly said to have been maintained by a high 
frequency, low-intensity fire regime. However, many recent studies have determined that mixed 
or variable-severity fire regimes are more likely to have been the norm in the ponderosa pine 
forests o f the Northern Rocky Mountains (Baker et. al. 2007, Dodson et. al. 2007, Metlen and 
Fiedler 2006, Keeling et. al. 2006). Some dry sites probably have experienced occasional stand 
replacement fires, but this was likely uncommon in the region (Amo et. al. 1997). The riparian 
stands or portions o f stands too cool or wet for ponderosa pine but optimal for western larch, 
were more likely to experiences mixed-severity fire regimes every 30-75 years or infrequent 
stand-replacing fires (Amo and Fischer 1995). The mixed-severity fires produced a highly 
heterogeneous and diverse landscape where adjacent stands may vary greatly in structure, 
species composition, and fuel loading. (Amo and Fiedler 2005, Baker et. al. 2007).
However, fire suppression policies implemented since the early 1900s have led to 
succession o f these forests to a homogenous, closed-canopy Douglas-fir forest with sparse 
undergrowth (Amo and Fiedler 2005). In general, these stands are vulnerable to drought, are 
more at risk to disease, and are at risk o f stand-replacing wildfire (Amo 1996). Though some
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level o f high intensity fire is a part o f the mixed-severity fire regime, the relative proportion of 
this fire type has increased (Brown et. al. 2004). A lack o f restoration action may also mean a 
loss o f most o f the large shade-intolerant species like ponderosa pine and western larch (Amo 
and Fiedler 2005). Therefore, some kind o f active restoration may be necessary to return the
historical landscape characteristics o f this forest type.
Restoration treatments for the ponderosa pine ecosystem typically focus on thinning from 
below to removes shade-tolerant, stagnant Douglas-fir trees and increases gap sizes and spacings 
to allow for regeneration o f ponderosa pine, returning low-severity fire to the system with 
prescribed bums, or a combination o f the two. Planting in small openings (usually created by 
harvesting or slashing and burning) is occasionally used when succession is very advanced and 
ponderosa pine will not successfully regenerate on its own (Amo et. al. 1997).
When used as a restoration treatment, thinning causes a significant increase in growth of 
mature trees (Amo and Fiedler 2005). When prescribing thinning, it is important to consider 
health o f the remaining, un-cut trees and the residual density needed to achieve your goals (Amo 
and Fiedler 2005, Keegan and Fiedler 2000). A thinning that retains 40-60 square feet per acre 
will open the canopy and allow for some regeneration and increase the vigor o f leave trees, but it 
has been found that a reduction below 50 square feet/acre is necessary for adequate regeneration 
o f shad-intolerant species like ponderosa pine and western larch (Amo and Fiedler 2005). 
Increased canopy openings and reduced underground competition created by thinning also 
increases understory growth and richness with a disproportional benefit to uncommon native 
species (Dodson et. al. 2007, Metlen and Fiedler 2006).
However, thinning alone may be insufficient to remove understory trees and promote 
natural nutrient cycling (Amo 1996) and is more likely to meet ecological objectives in
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combination with prescribed burning (Brown et. al. 2004). For example, unbumed stands tend 
to leave existing Douglas-fir seedlings in place, therefore allowing them to dominate the 
understory and increase ladder fuels unless later thinned (Graham et. al. 1999, Amo and Fiedler 
2005). Thus, many treatments include low-severity prescribed bums in addition to thinning to 
remove undesirable shade-tolerant species (Amo and Fiedler 2005). (It should be noted that 
some restoration prescriptions are bum only, however, due to heavy fuel loading from years of 
fire suppression, this option is not deemed feasible or desirable in the Project Area). To create 
the best results, prescriptions leave slash in the field and, perhaps, trample with equipment to 
allow more uniform coverage by a spring or fall bum (Amo and Fiedler 2005, Metlen and 
Fiedler 2006). To reduce stress on overstory trees it has been recommended that treatments such 
as prescribed burning be delayed after thinning operations so that trees can restore health and 
vigor before being subject to an additional disturbance (Amo and Fiedler 2005). Lastly, both 
thinning and burning treatments may increase the abundance o f non-native and invasive species, 
especially when they are paired and completed with multiple forest entries (Amo and Fiedler 
2005, Metlen and Fiedler 2006, Dodson et. al. 2007), therefore, precautions such as harvesting 
over snow or weed-specific herbicides should be considered.
The combination o f reducing over story competition and returning fire to the system 
provides greater nutrient cycling and results in greater diversity o f understory richness and 
abundance than thinning alone, especially over the long term (Metlen and Fiedler 2006, Dodson 
et. al. 2007). Re-sprouting or suckering o f some shrubs species may respond more rapidly to 
burning (Metlen and Fiedler 2006). Also, over time, these treatments will reduce the severity of 
wildfire (Graham et. al. 1999, Amo and Fiedler 2005).
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Treatments should be repeated on short intervals to mimic natural disturbance and limit 
fuel build up (10-35 years) (Amo and Fiedler 2005). Monitoring o f the stands can be completed 
to determine the level o f Douglas-fir and ponderosa pine regeneration. A periodic thinning of 
small trees can reduce competition. In addition, improvement cutting may be needed to remove 
any unwanted Douglas-fir regeneration that is competing with the desired shrubs and ponderosa 
pine/westem larch seedlings (Amo and Fiedler 2005).
Though ponderosa pine forests were previously heavily used by wildlife (especially for 
big game winter forage), forage has become sparse as tree cover increased with fire suppression 
(Amo 1996). Therefore, forest restoration prescriptions that mimic the natural fire regime have 
been shown to benefit ungulate species. Thinning restoration treatments that open the canopy 
and thin the forest by removing some o f the shade-tolerant trees have been shown to improve 
understory growth and species richness (Gibbs et. al. 2004, Metlen and Fiedler 2006, Dodson et. 
al. 2007). This increase in diversity increases browse and forage opportunities for ungulates 
(Gibbs et. al. 2004). In prescribed bum treatments, post-bum vegetation has been shown to be 
heavily grazed by deer, elk, and moose (Amo and Fiedler 2005). Burning has been shown to 
cause short-term reductions in some shrub species which can be important for elk as winter 
browse (Metlen and Fiedler 2006); however, the growth o f some shrub species is triggered by 
fire (ex. aspen) and most come back with greater cover in the long term. Several other species o f 
concern (e.g. hoary bat (Lasiurus cinereus) and Clark’s nutcracker (Nucifraga Columbiana)) will 
benefit from the fire protection provided by restoration treatments in the ponderosa pine forests 
because they use mature or “old-growth” ponderosa pine or western larch trees and large snags 
to nest. (Personal communications, Kristi Dubois, Montana Fish, Wildlife and Parks, Missoula, 
MT).
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2.2.2 D ouglas-fir
Douglas-fir is a shade-tolerant, late-successional species that is abundant in middle 
elevation forests o f Western Montana. Here, we describe four “sub-types” where Douglas-fir is 
most often found as the dominant tree species (based on the forests o f the Ovando Mountain 
Project Area): (1) mesic north-facing slopes, (2) shrub fields, and (3) as an old-growth 
component in a park-like grassland setting, and (4) in combination with lodgepole pine and 
subalpine fir. Douglas-fir is not a fire-resistant species and is shade-tolerant, often growing as an 
understory or mid-story species. Therefore, this species was historically most common on 
cooler, north-facing slopes where there was infrequent fire or mixed-severity fire regimes (“sub- 
types” 1 and 4) or as an understory/regeneration species (“sub-type” 2). However, occasionally, 
the species has been maintained by infrequent fires, and established clumpy patches of large 
trees (over 30 inches in diameter) in combination with park-like grasslands (“sub-type” 3).
Where Douglas-fir has occurred as a component o f a north-facing, wet or subalpine forest 
that experienced mixed-severity fires or infrequent fires, it is not yet out o f the range o f 
conditions maintained by the historical fire regime. However, due to fire suppression, the range 
and frequency o f this species has increased into areas that were historically maintained by 
frequent fire regimes. This has created a corresponding reduction o f serai communities, like 
shrub fields and ponderosa pine stands (Amo and Fiedler 2005). This means that there is an 
over-abundance o f dense forest stands. Though these forests can provide excellent cover, they 
often have little diversity in food resources and habitat for ungulates.
Passive management is often recommended where Douglas-fir is not out o f the historic 
range o f conditions, such as on the mesic north aspects which historically were dense stands o f 
Douglas-fir (Harrod et. al. 1999). In addition, where Douglas-fir is mixed with subalpine
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species, it likely experienced infrequent, high-intensity fires and is not outside the natural range 
o f the fire regime. In these stands, a natural fire (if it occurs) can be used cautiously to facilitate 
the historical fire regime; however, adjacent stands must be protected from these fires (which
would likely be stand-replacing fires).
Active management is appropriate where growth and spread o f Douglas-fir would have 
been decreased by a mixed-severity or frequent fire regime. For example, in shrub fields where 
Douglas-fir seedlings and saplings are out-competing shrubs, fire may be used to eliminate fir 
and benefit shrubs. Another example would be where it is clear that low-intensity, undergrowth 
fires have allowed for “old-growth” type, mature fir trees to persist with a bunchgrass 
understory. In this case, maintaining low-intensity fires will help maintain grasslands and reduce 
risk o f stand replacing fire that might kill these large trees.
Maintenance o f dense forest cover o f  the north aspects provides necessary security cover 
for ungulates adjacent to areas o f frequent browsing (Lyon et. al. 1985). However, where 
Douglas-fir is on south-facing slopes, encroaching shrub fields, grasslands, or ponderosa pine 
forests, opening the canopy will increase diversity o f understory species for browse and forage 
by ungulates (Gibbs et. al. 2004, Metlen and Fiedler 2006, Dodson et. al. 2007). This may also 
reduce risk o f stand-replacing fire and retain large trees and snags for other species o f concern.
2.2.3 Lodgepole pine forest type
Lodgepole pine is a short-lived, fire-dependent species. A typical tree lives for 60-80 
years. Most lodgepole pine cones are serotinous, meaning they are held closed by a sticky resin 
and fire is needed to melt the resin, release seeds and enable regeneration. Therefore, lodgepole 
pine stands are typically even-aged and result from a stand-replacing or mixed-severity fire that 
kills the majority o f the trees (Amo and Fiedler 2005). Occasionally, on gentler slopes with a
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grassy understory, there may be low-intensity fires that kill few o f the trees and maintain a more 
open, park-like stand (Stewart 1996, Amo and Fiedler 2005). The fire intervals in these stands 
range from 30-200 years (Stewart 1996, Amo and Fiedler 2005). Post-fire, the diversity of the 
stand increases as grasses, flowering herbs, shrubs, and sometimes aspen grow in with young
lodgepole pine (Amo and Fiedler 2005).
There are two management concerns for lodgepole pine. The first is naturally occurring
mountain pine beetle epidemics, which have occurred on 20-year cycles (Stewart 1996). The 
stands are highly susceptible to bark beetle after 80 years because trees are stressed (Barrett et. 
al. 1991). Once a beetle outbreak occurs, the dead and dry trees are highly susceptible for stand- 
replacing fires (Barrett et. al. 1991). Though this is a naturally occurring event, the effects of 
fire suppression have exaggerated the situation. Lodgepole remains in its histoncal abundance, 
but healthy, young communities containing serai understory species have been reduced with fire 
suppression and there are more stands reaching older, unhealthy, and therefore susceptible 
conditions (Amo et. al. 2000). In this way, fire suppression eliminates the mosaic created by 
mix-severity fire regimes and forests often contain only homogenous late-successional stands.
Recent management in lodgepole pine forests has typically been a reaction to mountain 
pine beetle epidemics resulting in a clear-cut salvage harvest o f the stand (which, after outbreak, 
is correctly perceived as a dangerous fire threat). In other places clear-cuts are used in ageing 
lodgepole pine stands prior to beetle infestation in order to regenerate a healthier, more 
marketable crop o f trees. Proactive restoration treatments do not appear to be very common;
however, several have been identified.
Restorative treatments typically start with a variable-retention commercial harvest o f 25- 
70% of the stand, leaving clumped or uniformly-distributed residual trees (Amo and Fiedler
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2005). Residual patches are typically one-quarter to two acres in size and are left to serve 
wildlife species that use the post-bum snags for habitat (Amo and Fiedler 2005). Next, the 
harvest is followed-up by a prescribed bum, carried by residual understory growth and slash, 
which is expected to result in high mortality o f the residual trees (Amo and Fiedler 2005). This 
bum also stimulates re-growth o f young lodgepole pine and increases the age and size-class
diversity o f the stand.
In other cases, where there is limited accessibility or the ground is too steep for 
commercial harvest, only a mixed-severity prescribed bum is used. Typically, this is achieved 
by burning several patches at a time and using older prescribed bums as a fire break. This 
strategy has been shown to be very effective at wildfire protection, because stands that have had 
a prescribed bum are not likely to bum in a wildfire (Amo and Fiedler 2005).
Variable retention harvests benefit wildlife by creating a diversity o f structure within a 
formerly homogenous stand. In addition, post-prescribed bum vegetation includes shrubs and 
grasses that are important for ungulates (Amo and Fiedler 2005). One study o f elk habitat use 
showed that, though mature and stagnant lodgepole pine stands may be the most frequent habitat 
used, consumption in the stand was very low. The study also indicated that small openings in 
unproductive lodpole pine stands increases forage for elk because elk consume a 
disproportionate amount o f resources in these areas (Collins et. al. 1978).
2.2.4 Subalp ine  fir and  w hitebark  pine fo re s t  type
Whitebark pine is a keystone species o f upper subalpine ecosystems because it promotes 
biodiversity. It is important as a primary food source for many species and determines the ability 
o f others to persist (Tomback et. al. 2001). Both Clark’s nutcrackers (Nucifraga Columbiana) 
and red squirrels (Tamiasciurus hudsonicus) harvest cones and cache seeds -- grizzly bears
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(Ursus arctos) then feast on these caches. In addition to providing food, the seed caches by 
Clark’s nutcracker perpetuate the species because the cones do not open on their own and the 
seeds cannot be dispersed without animals, thus completing a tight obligate, mutualist 
relationship. Whitebark pine is also special because it is both a pioneer and climax species. The 
species can colonize burned or disturbed areas due to seed dispersal behavior o f the Clark’s 
nutcracker and to superior hardiness compared to other subalpine species (Keane and Amo 
1 9 9 6 ). As it survives in harsh conditions it grows and increases cover and soil organic matter -  
in this way, whitebark pine facilitates an environment which other species, such as subalpine fir 
or Engelmann spruce, can inhabit (Tomback et. al. 2001). The whitebark pine is also a climax 
species because it is relatively fire resistant and long-lived (Tomback et. al. 2001). These 
climax trees make whitebark pine an important species for watershed protection as it stabilizes
soil and retains snowpack (Smith et. al. 2008).
There are two major anthropogenic changes over the past 60 years that have caused 
declines in whitebark pine: the introduction o f white pine blister rust (caused by the fungi 
Cronartium ribicola) and successional replacement by shade-tolerant conifers due to fire 
exclusion (Keane and Amo 1996). This is also complicated by an increase in the natural 
epidemics (forest-wide infestations) o f mountain pine beetle (Keane and Amo 1996). For 
example, in the 20th century subalpine fir in the Bitteroot Range o f Western Montana increased 
(from 13 to 32 percent cover) and whitebark pine decreased (from 39 to 11 percent cover) in 
high elevation forests (Amo et. al. 2000).
White pine blister rust is a fungal disease o f five-needled pines that was introduced to 
North America in early 1900s. Whitebark pine is one o f the most susceptible species to white 
pine blister rust (Tomback et. al. 1995). Recent studies suggest that there is potential for local,
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even global, extinction o f whitebark pine due to blister rust (Smith et. al. 2008). This is partially 
due to the high levels o f mortality in the upper canopy, which significantly reduced cone and 
seed production. In addition, high levels o f predation by Clark's nutcrackers and red squirrels 
limit dispersal o f the few remaining cones (Smith et. al. 2008, McKinney and Tomback 2007).
A second anthropogenic cause o f decline is fire suppression policy from the past 100 
years. Whitebark pine communities in Western Montana typically experienced mixed-severity 
fires on intervals o f 55 to 300 years (Brown 1995 cited in Tomback et. al. 2001). These fires 
killed many o f the late-successional trees such as subalpine fir or Englemann spruce, but in the 
case o f  mixed-severity fires, whitebark could often survive. Stand-replacement fires have also 
perpetuated the existence o f whitebark pine in some places because bum areas are preferred by 
Clark’s nutcracker for seed caching and because whitebark pine is a hardier species, enabling it 
to colonize the harsh, alpine, post-bum environment (Tomback et. al. 2001).
Lastly, mountain pine beetles commonly attack trees in lodgepole pine forests and may 
move into higher elevation whitebark pine forests during times o f severe epidemics. In general, 
mountain pine beetles prefer trees over 4-5 inches in diameter, and they may even prefer 
whitebark pine over lodgepole pine (Waring and Six 2005). Large-scale mountain pine beetle 
epidemics have killed entire whitebark pine forests in Montana and Idaho (Tomback et. al.
2001). The few strong, blister-rust-resistant trees in a stand may be lost due to mountain pine
beetle outbreak.
Synergies between these impacts further reduce populations. For example, areas hit hard 
with blister rust may not be able to re-vegetate well even if  fire is reintroduced because existing 
trees are damaged and much o f the seed source may be consumed by wildlife (Tomback et. al. 
1995). In addition, fire suppression may increase the chance o f mountain pine beetle outbreaks
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as there are more large trees in the climax forests than the serai post-bum forests that were more 
frequent in the past (Tomback et al. 2001). Some speculate that due to these intense threats and 
its ecological importance, the whitebark pine will be elevated to a protected status under state or 
federal laws, making restoration o f utmost importance for managers (Personal Communications, 
Kristi Dubois).
Restoration treatments in whitebark pine typically include: silvicultural treatments 
(cutting), burning, and re-seeding o f blister rust-resistant seedlings (Keane and Amo 1996). 
Silvicultural treatments have included release cuttings, fuel enhancement, thinning, and tree 
understory removal (Keane and Amo 1996). Typically, due to the fragile, subalpine ecosystems 
in which whitebark pine is found, the only reasonable harvest method is to hand fell and leave 
slash in the field (Keane and Amo 2001). These treatments include various levels o f removal o f 
late-successional species, such as subalpine fir and Engleman spruce, from the stand depending 
on whether the intention is to mimic mixed-severity or stand-replacement fire. One variation 
that mimics mixed-severity fire creates nutcracker openings designed to facilitate seed caching 
by Clark’s nutcracker. This is a one to three-acre patch cut where all trees except whitebark pine 
are removed (Waring and Six 2005). Others have used uniform cutting o f  most young and fire- 
sensitive species and un-even dispersal o f slash to create a variable fire intensity (Keane and 
Amo 2001). Most often prescribed bums follow cutting treatments and slash is used to facilitate 
these bums, however, merchantable material not needed for bum fuel can be harvested using 
low-impact techniques where accessible (Keane and Amo 1996).
Prescribed bums, if  feasible, can be done in natural fields or with enhanced slash (Keane 
and Amo 1996). Often, these treatments occur in small patches to simulate low-intensity or 
mixed-severity fires; however, large-scale, stand-replacement fire is also typical o f these forests.
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Therefore, prescribed fire greater than 300-1,000 hectares may be optimal, because it creates a 
large enough area that only the whitebark pine seeds dispersed by Clark’s nutcracker can re- 
vegetate the bum (and avoids wind-dispersal o f subalpine fir seeds into the bum) (Keane and 
Amo 1996). These large fires can be accomplished through the use o f “natural prescribed fire” 
(letting a natural fire bum under prescribed conditions). However caution should be used with 
large fires because other research suggests that regeneration o f  large bums where seed sources 
are less abundant may be extremely slow at re-establishing pre-fire or historical conditions 
(Tomback et. al. 1995).
Due to major impacts on cone production in trees infested with blister rust, the planting 
o f blister rust resistant species is necessary to insure adequate regeneration in many areas (Smith 
et. al. 2008). Research and identification o f blister rust resistant trees and propagation o f their 
seeds should be a high priority for managers (Smith et. al. 2008). Stands that are hit hard should 
be high priorities for implementing stand-replacing prescribed bums. Also those with no healthy 
seed source within 10 kilometers should be prioritized and planting may be necessary (Keane 
and Amo 2001).
Short term increases in mountain pine beetle attacks after restoration treatment have been 
shown to occur (Waring and Six 2005). This means that managers should use caution in areas 
with high mountain pine beetle infestation rates. Individual trees, especially those that are most 
vigorous and shown to be resistant from blister rust, can be protected during times o f severe 
mountain pine beetle outbreaks with anti-aggregate pheromones and prophylactic treatments 
with insecticides (Waring and Six 2005).
Finally, monitoring is extremely important with whitebark pine restoration projects, 
particularly because few examples o f restoration exist and the outcomes are hard to predict. It is
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recommended that permanent plots should be established and pre-treatment, post-treatment, and 
10 year incremental data be collected. Measurements o f fuels, tree structure, and ground cover, 
as well as photo plots are recommended (Keane and Amo 2001).
As noted above, whitebark pine is considered a keystone species and, therefore, 
determines the ability o f some wildlife species to persist. Clark’s nutcracker (a state species of 
concern) is a co-evolved mutualist to whitebark pine and its survival relies on whitebark pine 
restoration (Tomback 2001, Hutchins and Lanner 1982). Similarly, whitebark pine depends on 
the nutcracker for regeneration as it can disperse seeds for several miles and often used disturbed 
areas to cache seeds (Tomback 2001, Hutchins and Lanner 1982). Therefore, prescribed bum or 
cutting treatments that leave openings (one acre or more) for caching will allow Clark’s 
nutcracker to persist in addition to providing a regeneration opportunity for whitebark pine.
Similarly, these cutting or small bum treatments will also benefit grizzly bears (a 
federally-listed endangered species). These bears use seeds cached by the Clark’s nutcracker as 
an important fat-rich food prior to hibernation (Mattson et. al. 2001). In fact, grizzly bears in 
some areas use this source o f food so heavily that it has been shown that poor whitebark pine 
seed crops will double the incidence o f human/bear conflict (and resulting bear mortality) as 
bears search for alternative sources o f food (Mattson et. al. 2001, Tomback et. al. 2001). It is 
important to note that large bums that may have long term benefits to whitebark pine, could be 
detrimental to grizzly bears in the short-term because o f temporary, major reductions in cone 
production (Mattson et. al. 2001). However, creation o f roads should be avoided to protect intact 
grizzly bear habitat.
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2.2.5 Aspen Forest
Aspen is the most widespread tree species in North America and exists in a diversity of 
ecological settings (Romme et. al. 2001). In Montana, aspen covers approximately 255,000 
acres and is scattered in small stands among mid-elevation conifers (Jones 1985). Aspen 
regenerate in two ways: seeds (sexual reproduction) and root-suckering (asexual reproduction), 
the latter is more common (Romme et. al. 2001). Disturbance o f an aspen tree triggers root- 
suckering by causing a hormonal shift that initiates development o f new suckers and release o f 
existing suckers (Schier et. al. 1985a). Aspen is a short-lived species that requires full sun to 
regenerate. In the conifer-dominated areas where aspen often grows, longer-lived conifers may 
shade serai aspen stands and become the dominant overstory species, thus deteriorating aspen 
clones (Rogers 2002). Apsen, therefore, relies on frequent fires to stimulated suckering, reduce 
conifer shading, and regenerate healthy stands (Amo and Fiedler 2005).
It is clear that a complex combination o f disturbance effects may impact the long-term 
persistence o f aspen in the West (Romme et. al. 2001). Aspen is vulnerable to heavy browsing, 
drought, and changes in the fire regime in these more patchy settings (Romme et. al. 2001). The 
first recorded occurrences o f aspen decline coincided with the beginnings o f fire suppression 
(Hessl 2002). Where fire has been able to bum and regenerate aspen, the positive effects are 
often negated by heavy browsing by wild and domestic ungulates (Romme et. al. 2001). The late 
1800’s saw the last large-scale aspen regeneration in many places, perhaps because o f a 
combination o f low elk numbers, fire, wolves influencing browse effect, and moist weather 
(Romme et. al. 2001). The cumulative effects o f regional aspen loss may reduce biodiversity o f 
aspen-dependent communities, as aspen are known to provide habitat for a rich diversity o f 
plants and animals not found in neighboring coniferous forests (Hessl 2002, Rogers 2002).
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The most effective and efficient way to increase regeneration is to rely on root-suckering 
(Schier et. al. 1985b). It is important to consider site characteristics in order to predict success 
o f  treatment methods on a particular site. The m ost basic factors necessary for successful 
regeneration are: hormonal stimulation to encourage suckering, warm  soils and full sun, and 
protection from herbivory (Shepperd 2004). According to studies o f  aspen regeneration in the 
W est, the following factors influence the amount o f  regeneration after m anagem ent treatments: 
site aspect, proxim ity to elk feeding grounds, stand vigor, soil type, fire severity, and level o f 
human disturbance to wildlife. (Kilpatrick et. al 2003). Additionally, poor soils may negatively 
influence regeneration, especially in combination with other influences. Several m anagement 
treatments have been used to encourage aspen regeneration and rem ove conifers from  aspen 
stands.
Clear-cutting or patch-cutting aspen has been used as a m ethod for encouraging 
regeneration in both comm ercial plantations and restoration projects. C lear-cutting produces the 
m ost seedlings because the num ber o f  root suckers regenerated is proportional to the num ber of 
trees cut (Schier et. al. 1985b). It is important to rem em ber that comm ercial cutting and clear- 
cutting remove biomass and carbon from the forest system rather than recycling so it does not 
completely mimic the natural disturbances that have m aintained aspen stands in the past (Rogers 
2002). Additionally, harvesting techniques may cause harm to the stands, for example, 
concentrated skidding traffic and slash build up has been shown to decrease suckering (Schier et. 
al. 1985b). Lastly, although aspen regeneration often occurs rapidly enough that aesthetics 
return quickly, it is important to consider possible affects on aesthetics (Schier et. al. 1985b).
Some have proposed partial cutting or thinning, or simply conifer removal, may improve 
the condition o f  aspen stands, especially where regeneration is already occurring naturally. This
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may be appropriate when the goal is not tim ber production, but rather an uneven-aged stand 
(Schier et. al. 1985b). Thinning should improve regeneration as long as the canopy is open 
sufficiently enough to reduce competition and provide the full sun required to support optimal 
sucker production (Schier et. al. 1985b, Am o and Fiedler 2005). However, partial cutting may 
result in inferior second generation due to competition and shading from retained trees. Partial 
cutting may not be successful if  the root-systems o f  the live stand are deteriorating. (Schier et. al. 
1985b). Additionally, thinned stands may be used less by wildlife because leave trees or felled 
trees may block use (Jones and Shepperd 1985).
Fire is the main historical disturbance that has maintained regeneration o f  the aspen 
stands. Therefore, it is proposed as a  m ethod for restoring regeneration to the stands. W here it is 
feasible, burning is an inexpensive and effective m ethod for creating regeneration (Schier et. al. 
1985a). Fire can be used in combination w ith thinning or removal o f  conifers, to create less 
severe or m ore controlled prescribed fires. Continued monitoring will help identify influences 
on success o f  treatm ents and inform adaptive m anagement (Kilpatrick et. al. 2003).
M ost aspen communities in M ontana occur in isolated patches among conifer forests; a 
pattern that makes the aspen very valuable for some species as it provides the only concentrated 
forage in an area (DeByle 1985a). Aspen stands can provide a diversity o f  niches that do not 
exist elsewhere in the landscape, such as habitat for shrub-nesting birds, which nest in aspen- 
suckers and understory shrub species as well as cavity -dw ellers, which take advantage o f  the 
tendency for heart rot in aspen (DeByel 1985a). Large game species such as elk, moose, and 
deer also use aspen habitat (DeByle 1985a). The high quality forage provided in aspen stands 
will decline in quality and quantity as succession shifts it to conifers (Canon et. al. 1987).
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Restoration efforts like those described above can sustain the aspen stand and thus have 
positive effects for ungulate species. For example, when burned, aspen suckers sprout 
extensively and other important browse species, such as serviceberry may increase to provide 
high-quality, nutritious browse. (Canon et. al. 1987). Elk have been shown to graze on 2-3 year 
old burned aspen plots over unbumed plots and graze more efficiently on bum sites, likely due to 
increases in desirable forbs after fire (Canon et. al. 1987). However, the combined effects of 
burning and heavy elk browse may reduce the positive effects o f burning. In designing 
treatments to improve ungulate browse availability in aspen stands, we must be aware that elk 
may have a major impact on the long term persistence o f the aspen stand (DeByle 1985b, 
Johnston 2001, Bailey and Whitman 2002, Kilpatrick et. al. 2003). In places where elk 
concentrations are high, especially in winter, they may over-browse and damage bark, therefore 
deteriorating the stand (Debyle 1985b). Proximity to elk feeding grounds affects the success o f 
regeneration (Kilpatrick et. al. 2003). Browsing o f aspen suckers will also make them more 
shrub-like in form which may alternatively improve browse opportunities (Debyle 1985b). 
However, if  these forms are desired, management efforts will need to find a “middle ground” 
between elk browsing opportunities and aspen regeneration (Johnston 2001).
One common method uses fencing to protect the aspen stand (Amo and Fiedler 2005).
An alternative to expensive fencing may be using “jackstraw piles” o f fallen conifers killed by 
fires, which have been shown to protect aspen regeneration from elk browse in Yellowstone 
National Park (Ripple and Larsen 2002). Fencing or exclosure does not need to be maintained 
forever, but rather, until aspen is tall enough to resist major detrimental effects. A less expensive 
method may be to time harvest or fire treatments when elk populations are low or during seasons 
when impact may be smaller (Debyle 1985b).
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2.2.6 Non-forested stands -  Shrublands and grasslands
Shrubland and grassland ecosystem types are generally dry or high-elevation 
environments with few trees. Many varieties o f Western shrub ecosystems have been well- 
studied, including southern arid pinyon-juniper and sagebrush ecosystems (Roundy et. al. 1995), 
however, the high-elevation shrub-grassland ecosystems o f northwest Montana has been less 
studied. We can infer that, just as the conifer and aspen forest type ecosystems (discussed 
above) have been altered over the last century, the shrubland and grassland ecosystems o f the 
Northern Rocky Mountain region have likely been altered since European settlement. 
Documented influences on distribution, abundance, composition and structure o f these 
ecosystems have been: fragmentation and conversion to agriculture (Lei 2000), over-grazing by 
wild and domestic ungulates (Kay 1995), and changes in fire regimes (Keane et. al. 2002, 
Skovlin et. al. 2002). In order to restore the ecosystem, a re-introduction o f periodic fire and/or 
management o f grazing may be necessary.
Though there is need for restoration in shrubland ecosystems, management has been 
inadequate at addressing this need; this is largely because o f a lack o f scientific basis for and 
understanding o f restoration in the shrubland ecosystem (Sommers 2000). This lack o f scientific 
understanding implies a need for a cautious approach to restoration in the shrubland ecosystem.
Prescribed bums have been used to restore grassland ecosystems because the fires can 
eliminate encroachment by woody species. It may also be useful to restore mountain shrubland, 
which has matured and become decadent as a result o f fire control (Skovlin et. al. 2002).
Burning in shrub is generally intense and removes most o f the above ground vegetation; 
therefore, it may take several years for regeneration to occur (Huff and Smith 2000).
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Ungulates rely heavily on these shrublands and grasslands for forage and browse and 
benefit greatly from prescribed bum  treatm ents that increase browse and reduce conifer 
encroachment. However, ungulates may also have detrimental effects on restoration efforts 
because browse may reduce growth o f  shrubs (Kay 1995). If ungulate use o f  the restoration area 
is high, it may be necessary to consider exclosures to remove grazing pressure from establishing 
shrub communities until they can withstand strong grazing pressures.
2.3 Multiple-Criterion Decision Analysis
The Blackfoot-Clearwater habitat improvement and restoration project (the Project) had 
several management goals, including: improving wildlife habitat, protecting forest health, 
utilizing forest stewardship practices, and considering comm unity concerns. The final outcome 
o f the Project is a management-oriented plan for the whole forest that addresses these goals. 
Prescriptions were designed to achieve these goals in each o f  68 stands, and then stands were 
prioritized for treatm ent to help FW P achieve the m ost efficient and effective project schedule. 
To identify these priority stands for efficient implem entation o f  the plan, multiple criterion 
decision analysis (M CDA) methods are useful tool. They can provide a m ore objective planning 
process so that the plan can more fully satisfy the full range o f  m anagement objectives.
Planning, by nature, is a  matter o f  optim izing benefits based on a variety o f  alternatives 
(Pukkala 2002a). W hen planning is a mix o f  objective and subjective processes for evaluating 
and ranking alternatives it is called decision analysis (Pukkala 2002a). Planning operates at 
three levels: strategic planning determines goals, tactical planning identifies alternatives to meet 
the goals, and operational planning identifies specific actions to implem ent alternatives (Pukkala 
2002a). M CDA is often used at the tactical planning level as a system to optim ize benefits and 
locate the best alternative among a large num ber o f  possibilities. The general process is to:
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collect data, identify decision makers, stakeholders and objectives, generate alternatives and 
predict consequences, evaluate and compare results, and choose the best alternative based on the 
objectives (Kangas and Kangas 2002). Quantitative analysis allows one to assess large numbers 
o f  alternatives, and to balance many, potentially opposing, objectives (Pukkala 2002a). 
Additionally, M CDA can improve the decision-making process because quantitative and in- 
depth analysis can provide greater understanding o f  the objectives and alternatives, in addition to
more opportunities for clear comm unication (Pukkala 2002a).
Two main categories o f  M CDA exist. First, m ultiple objective decision-m aking 
(MODM ) methods, or continuous methods, are used when an infinite num ber o f  alternatives 
exist (M endoza and M artins 2006). As a result o f  their ability to deal with or develop a 
multitude o f  alternatives, M ODM  methods are increasingly being applied to forest planning 
efforts and experiments (e.g. Dane et. al. 1977, Bettinger et. al. 1997, Borges et. al. 2002). 
Second, multiple attribute decision-m aking (M ADM ) methods, also known as discrete methods, 
are used to choose from an existing collection o f  discrete m anagement alternatives.
Forest planning is complex because there tends to be a wide variety o f  objectives and 
stakeholder opinions, there is a high degree o f  uncertainty in evaluating criteria, there are long 
time horizons for forest growth, and many criteria are not quantitative (Kangas and Kangas 
2002). Following is a  b rief description o f  a  few o f  the many M CDA methods that have been 
used to analyze the complexities o f  forest planning. The methods to be highlighted here 
include: goal program ming (GP), heuristic methods, m ulti-attribute utility theory (M AUT), and 
the analytical hierarch process (AHP). The form er two methods are classified as continuous 
methods, or M ODM , and the latter as discrete methods, or M ADM .
31
2.3.1 Goal program m ing
Goal programming (GP), first developed by Chames and Cooper (1961), is an adaptation 
o f a linear programming model used to account for multiple objectives (Dane et. al. 1977). The 
GP process aims to minimize deviations o f objective variables from specified target values, 
which are derived from management goals (Pukkala 2002a). GP can also be used to give 
weights to various objectives in order to account for differences in relative importance (Pukkala
2002a).
Several variations o f GP exist, including: weighted goal programming (WGP), 
lexicographical GP, and MINMAX GP (Tamiz et. al. 1998). For the purposes o f this 
examination, the WGP demonstrates the most basic principles o f GP very well. The formula for 
WGP is (Tamiz et. al. 1998):
Minimize z = ±{un +v,pt)
i= i
such that, f  ( ^ 0  W, P i  —  ̂ 1 Q ? % ^ s
where:
• f(x) is a linear function o f xj,
• bi is the target value for that objective
• nj and pi are the negative and positive deviations from the target value
• Uj and Vj are the positive weights attached to these deviations
• Q is the number o f objectives
• Cs is an optional set o f constraints
The manager must first identify their objectives, specific target values for each objective, and 
any preferences associated with the different objectives. To set target values, individual 
objectives can be optimized using a linear programming model. To systematically assign 
weights to the objectives (uj and vj) another MCDM technique, such as the Analytical Hierarchy 
Process (Chapter 2.3.4), may be used (Tamiz et. al. 1998). Constraints may be incorporated by 
limiting the set o f alternatives to those within the constraint set (Cs). The optimization formula
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minimizes the sum o f  the positive and negative deviations (or weighted deviations if  working 
with unequal goals) from the set o f  goals (Field 1973). The output provides the set o f  actions
that m ost closely satisfies the objectives.
Applications o f  GP to forest m anagement were first discussed long after the m ethod itself 
was developed (Field 1973). The m ethod has been frequently applied to forestry for developing 
economically optimal tim ber harvest schedules, for example, by optim izing the multiple 
objectives o f  total volume harvested, total undiscounted cash flow, total discounted cash flow, 
and total discounted cost (Hotvedt 1983). In addition, m ultiple-use objectives have been 
incorporated into forest planning through the use o f  GP, for example, forest planning on M ount 
Hood National Forest included recreation, hunting, housing, soil impacts, and road use in the 
model (Dane et. al. 1997). More recent work has used GP to incorporate biodiversity objectives 
(Bertomeu and Romero 2001) and carbon capture and storage objectives (Diaz-Balteiro and 
Romero 2003) into forest planning processes.
GP is a  useful m ethod for dealing with multiple-objective problems. First, a  variety o f  
normalization methods (dividing by a constant) can be applied in GP to deal with m ultiple 
measures or units (Field 1973, Tam iz et. al. 1998). Second, the use o f  GP provides information 
to decision-makers about the level o f  importance o f  each goal and how m uch the goal should 
affect the outcome (Dane et. al. 1977). Additionally, GP provides a m ethod o f  comm unication 
between specialists, who determine the weights, and the decision-m aker (Dane et. al. 1977). 
However, GP can result in inefficient solutions (the achieved value o f  one objective can be 
improved without harming the achieved value o f  any other objective) if  the targets are set too 
conservatively (Tamiz et. al. 1998). W ith recent adaptations and new m ethods, this has largely 
been resolved (Tam iz et. al. 1998).
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2.3.2 Heuristic methods
Heuristics can be described as “trial and error” m odeling (deSteiguer et. al. 2003). The 
process starts with an initial solution and gradually improves or “m oves” variables until a user- 
designated stopping criteria is reached or total utility (as measured by a multi-variable equation) 
is maximized (Borges et. al. 2002, Pukkala 2002a). In this way, theoretically an infinite number 
o f  alternatives can be evaluated. Therefore, it is helpful to use this approach to develop 
alternatives. A simple example starts with random treatm ent in each stand. Next, one stand is 
chosen randomly and the treatm ent for that stand is randomly changed. If  overall benefit (total 
utility) is improved by the change, it is accepted; i f  not the process begins again from the 
previous set o f  alternatives (Pukkala 2002a). There are several variations o f  heuristic methods 
including, but not limited to: random search, simulated annealing, and tabu search. Random 
search is the most basic heuristic approach -  it begins with a  random solution, evaluates the 
solution to see if  goals are met, if  not a new random solution is form ulated and the process 
continues (Bettinger et. al. 2002). This option is rather inefficient because o f  its choice o f  a 
random solution with each iteration. Simulated annealing is slightly m ore progressive, as it uses 
a  local search o f  neighboring solutions (e.g. changing one stand at a  tim e), rather than a random 
search, to test for improved solutions (Bettinger et. al. 2002). However, this m ethod allows for 
“worse” solutions, or local optimum rather than global optima, to be accepted. Similarly, 
another neighborhood search m ethod is “tabu search,” in which recent changes are remembered, 
therefore preventing the positibility o f  finding a local optim a solution(Bettinger et. al. 1997, 
Pukkala 2002a).
Heuristics are m ost useful for determining size and arrangement and tim ing o f  treatm ents, 
given several objectives and constraints. The methods have often been used to schedule
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maximum tim ber harvest, given feasibility constraints and clear-cut adjacency constraints 
(Murray 1999). The method has also been used to schedule tim ber harvests in relation to big 
game habitat goals and satisfy habitat connectivity and quality constraints (Bettinger et. al. 1997,
Bettinger et. al. 2002).
An important advantage o f  heuristics is that it can be used to schedule treatm ents and 
consider spatial objectives, for example, it can account for impacts on adjacent stands or patch 
sizes or mosaics (Bettinger et. al. 1997, Borges et. al. 2002). Largely because o f  this, variations 
o f heuristic methods have frequently been used for landscape-level planning and habitat studies. 
In this setting, heuristics provided other benefits including: ability to use large planning areas, 
ability to find feasible solutions, and the flexibility for many different problem  structures 
(Kurttila 2001). However, with heuristics, the “optim al” result is not guaranteed and data can 
significantly affect the outcom e (Bettinger et. al. 1997, Kurttila 2001). Given inherent 
uncertainties in forest planning, approxim ate solutions provided by heuristics may be adequate, 
especially considering that solution tim e may be decreased (Borges et. al. 2002).
2.3.3 Multi-attribute utility theory (MAUT)
The multi-attribute utility theory (M AUT) is based on developing utility functions that 
depend on m anagement objectives or decision criteria (Pukkala 2002a). The impact o f  the 
different objectives is displayed in the shape o f  the utility function, for example, a constraint 
function would have a steep “d rop-o ff’ where the alternative is no longer feasible (Pukkala 
2002a). In the simplest methods, quantitative measures o f  the criteria are identified, these are 
then adjusted to a  common scale (using a scaling-constant), the utility o f  each criterion is 
summed for each alternative and the alternative with the highest utility is chosen. This simple 
equation is as follows:
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Maximize: U T (x) — 2  kf X U  (x),
Where:
• x is some alternative in the set o f alternatives
• UT is the total utility o f the alternative
• n is the number o f criteria being evaluated
• ki is the scaling constant for criteria i
.  m is the utility of alternative x with respect to criteria i.
However, criteria are not always additive or independent o f each other and there are methods that 
can accommodate this, such as weighting the criteria differently (Ananda and Herath 2005).
This method is best implemented for situations with a small number o f criteria and small 
number o f alternatives (Alho et. al. 2002, Ananda and Herath 2005). Early applications to 
forestry compared the total utility o f each alternative based on maximizing timber production 
and retaining aesthetic values (Hyber 1987). MAUT has also been sued to evaluate stakeholder
concerns and risk-attitudes about old-growth forests, timber production, and recreation in forest
planning (Ananda and Herath 2005).
The method is good for measuring and balancing non-wood forest outputs because
MAUT can create a single unit o f measure (utility) for a wide range o f goods (Pukkala 2002b).
This also implies that one should be aware that utilities are interchangeable, meaning, for 
example, that a low achievement of an ecological objective can be compensated for by high 
economic values (Pukkala 2002a). This may not be desirable in a multiple-use forest planning 
framework. In addition, when developing utility functions and combining the function according 
to their relative importance, the decision-maker’s preferences are relied upon heavily and many 
assumptions must be made. There is no process to analytically develop the utility function. 
Therefore, though theoretically ideal, this process is less often used in forestry applications 
(Diaz-Balteiro and Romero 2007).
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2.3.4 Analytical hierarchy process (AHP)
Another discrete method used for forest planning is the Analytical Hierarchy Process 
(AHP). The AHP uses relative values and comparative judgm ents to develop a weighted 
hierarchy o f  objectives. First, the decision-maker and stakeholders formulate a goal, objectives 
and criteria to structure the problem as a hierarchy (see Figure 2.1). Then a pair-wise comparison 
is made between each objective in each level, creating a matrix o f  relative values demonstrating 
how the level o f  importance differs for each pair o f  objectives.
GOAL
Objective 2Objective 1
C r i te r ia
Figure 2.1: Basic AHP Hierarchy of Objectives and Criteria
The user gives their preference using relative, pair-wise comparison. A verbal scale o f 
relative importance ranging from equally im portant to strongly important is used and later 
converted to a numeric value, one through nine (Saaty 2000). These com parisons fill in the 
matrix in a reciprocal fashion and are transform ed into a vector o f  weights for each objective 
using the Eigen-value computation or geometric means. Geom etric means can provide a more 
simple approach to the process and weights obtained from geometric means are often sim ilar to 
those from Eigen-values, especially with increasing consistency, but geometric means may result 
in ranking reversals and errors and Eigen-values are preferred (Saaty 2000). Once determined, 
the weights are then multiplied by the attribute values (measures o f  performance) for each
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alternative for that objective or criteria. The attribute values are scaled from zero to one and, 
therefore, attributes can take various forms or m easurem ent units including both qualitative and 
quantitative data. These weight and performance values are summed across the hierarchy, 
resulting in a final relative value that allows one to rank alternatives (Saaty 2000).
AHP has wide application as a tool to rank or prioritize existing/pre-defined management 
alternatives. It was first applied to prioritize forest management alternatives according to three 
management goals: maximize economic return, m aximize wildlife habitat, and maximize 
recreation opportunity (M endoza and Sprouse 1989). Since then it has been used for prioritizing 
various forms o f  inventory and monitoring protocols in the National Parks (Schm oldt et. al.
1994, Peterson et. al. 1994) and incorporating stakeholder preferences to rank social, economic, 
and ecological objectives for a  regional forest plan (Ananda and Herath 2003), among countless 
other applications. AHP is also very comm only applied in conjunction w ith other M CDA 
techniques that primarily create alternatives, such as goal program ming, to assist in 
understanding objectives and their relative importance (M endoza and Sprouse 1989, Tam iz et. al. 
1998).
AHP is valuable for m ultiple-objective decision-m aking because it can accom modate 
various forms o f  data and does not require a single unit o f  measurement. The hierarchical 
structure helps decision-makers develop a full understanding o f  the problem  at hand. It is a  very 
visual process and is therefore easily com m unicated and understood (Saaty 2000) and allows 
decision-makers to demonstrate how criteria are developed (Ananda and Herath 2003). Due to 
psychological constraints, hum ans are typically only able to evaluate about 7 (+/- 2) elem ents at 
any given time, so it is recom mended that the m ethod use fewer than 7 objectives for comparison 
at each level o f  the hierarchy (Saaty 2000). Also, stakeholders may get un-interested as the pair-
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wise comparison process can be rather tedious with some problems (M arttunene and 
Hamalainene 1995). Additionally, there are drawbacks i f  user preferences are inconsistent or 
non-reciprocal (Alho et. al. 2002). However, the m easurem ent o f  consistency index can be used 
to evaluate these situations (Saaty 2000). Another weakness o f  AHP is that it depends heavily 
on how preferences are evaluated and how the structure o f  the process is developed (how you 
structure the hierarchy or determine weights etc.) (Ananada and Herath 2003). Therefore, 
careful structuring o f  the problem is essential.
2.3.5 A pplications
Though all o f  the above methods have proven useful for forest planning, AHP was 
chosen for the Ovando M ountain Forest Stewardship Plan. AHP is useful for this project 
because o f  its ability to deal with various types o f  data. G iven m ultiple objectives, each stand 
was evaluated using both qualitative and quantitative data (depending on the objective) with 
many different scales and units. In addition, AHP helps to improve the long term 
implementation o f  the Plan and potentially create opportunities for collaboration with the 
community (which owns the adjacent property). AHP can directly incorporate stakeholder 
preferences and group decision-m aking through the structuring o f  the problem  and in pair-wise 
comparisons (Saaty 2000, Ananda and Herath 2003). Lastly, AHP tends to be easily understood 
and most people find it natural rather than alienating (Saaty 2000). It allows the decision-m aker 
to demonstrate how criteria are developed fairly easily (Ananda and Herath 2003) and the output 
is a useful, quantified ranked list that is very easy to  interpret and explain and can be interpreted 
visually on a map.
It is important to carefully consider the implications o f  various hierarchy structures, as 
the AHP can be very sensitive to changes. The hierarchy should be kept as simple as possible to
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keep it user-friendly, efficient, and easily communicated. Given the project setting, the 
importance o f  community involvement, and the multi-disciplinary objectives for the project, 
AHP was a useful tool that will help FW P most effectively and efficiently implem ent the Forest
Plan.
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3 METHODS
The process for forest stewardship planning on the Ovando M ountain Unit o f  the 
BCW MA consisted o f  several key steps: data collection and forest inventory, forest prescription 
designs, and prioritization o f  stands using AHP.
3.1 Project Site
The Ovando M ountain Unit o f  the BCW M A (the Project Area) is located north o f  the 
town o f  Ovando, in the Blackfoot Valley ju st west o f  the continental divide in W estern M ontana 
and about 50 miles northeast o f  M issoula, M ontana (see Figure 3.1). The annual temperatures 
range from a high o f  81 to a low o f  5 degrees Fahrenheit. Average annual precipitation is 16 
inches, ranging from 1-2 inches per month, with m ost precipitation falling in M ay and June. 
Snowpack is significant with average annual snow fall o f  79 inches. On high elevations o f  the 
Project Area, snowpack may last until July. The project area elevation ranges from 5,000 to 
7,500 feet. This broad range o f  elevation provides a  diversity o f  forest types across the project 
area. Dominant tree cover types include: ponderosa pine/western larch forests in low elevations, 
Douglas-fir forests and lodgepole pine forests in m iddle elevations, and whitebark pine/subalpine 
fir forests in high elevations. Shrublands cover south aspects on middle elevations and 
grasslands cover high elevation stands. There is also one 50-acre aspen stand on the Project 
Area, a unique and im portant feature for upland game bird and ungulate habitat. Lastly, several 
watersheds originate on Ovando M ountain including W arren Creek and Spring Creek. Spring 
Creek is an important trout spawning stream for the North Fork o f  the Blackfoot River. The 
most recent wildfire fire burned the majority o f  the Project Area in the 1930s, opening up
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shrubfields and grasslands on the southern face o f Ovando Mountain and regenerating Lodgepole 
pine and Douglas-fir stands.
Bo o\ M arshall W il
L d o  N ational F  orest
s i a  N ational Forest
M ISSO U LA  t  OUNT Y
P O W E L L  C O U N TYG reenougp
P o to m a c
<—  To M isso u la H elm ville
20  Mlo m e te rs
G reat F a lls
  H ighw ay
BCW M A O v a n d o  Mt. 
B C C A  B o u n d a ry  
♦ T ow ns
M O N TA N A
H elena
C o u n ty  Line
L a k e s
W ild e rn e s s
W Y O M IN G
Figure 3.1: Project Area Map
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The property was deeded to FWP in 1957 as part o f a land trade deal. The historic uses 
were sheep grazing, hunting, recreation, and some limited timber harvests. Wildlife, including 
many endangered and/or predator species such as grizzly bears, mountain lions, and wolves have 
consistently used the habitat on Ovando Mountain, demonstrating its wildness. Since 1957,
FWP has implemented no land management activities, collected little vegetation data or non­
game wildlife data, and has used the area primarily for its value as a hunting area. It is the 
center-piece o f a Block Management Area that receives the highest density use o f any in the 
state, bringing in 2,300 hunter-days in 2008. The local community has continued to use the 
property for recreational activities such as hunting, hiking, horseback riding, and snowmobiling.
Today, the Project Area is part o f the Blackfoot Community Conservation Area (BCCA) 
(see Figure 3.1 and 3.2), a 41,000-acre area composed o f private, US Forest Service, state, and 
community-owned lands managed collaboratively as a “multiple-use, working landscape that 
implements sustainable land management and stewardship practices.. .for the long-term benefit 
o f the Blackfoot community” (BCCA Council 2007). A Memorandum of Understanding (MOU) 
provides the legal framework for collaborative land management decision-making among 
members o f the BCCA.
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Figure 3.2: Blackfoot Community Conservation Area
The current surrounding land-owners, in particular the US Forest Service (USFS), the 
M ontana Departm ent o f  Natural Resources and Conservation (DNRC), and the Community 
Forest (BCCA Core), are managing and restoring their forest lands. Each o f  these entities has 
personnel or volunteers dedicated to forest management. They have forest inventories at various 
levels o f  sampling intensity, and have or are currently developing forest plans. For these
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managers, however, tim ber management has decreased in recent years due to decreased tim ber 
demand and availability, forest health concerns, and public desire for m ultiple-use management. 
Similarly, the forestry-based economy o f  the region has declined since the 1990s and many local 
sawmills have closed. Only one large mill still operates within 50 miles o f  the BCCA.
The USFS lands to the north o f  the Project Area have experienced large-scale, severe 
wildfires over the past 20 years and several clear-cuts have occurred near the Project Area 
boundary. The north-west portion o f  USFS ownership is designated as grizzly bear habitat, 
providing an undisturbed corridor to the wilderness areas located to the north. The DNRC lands 
are a smaller portion o f  the BCCA and have had relatively small m anagem ent units ranging from 
clear-cuts to forest thinning. In contrast, the BCCA Core, now owned and managed by the 
community, was formerly private tim ber land and has been heavily deforested. Their 
management focus is restoration o f  riparian areas and ponderosa pine park-land. Due to this 
history o f intense land management, all o f  the adjacent properties are heavily covered w ith roads. 
In contrast, the Project Area provides 4,000 acres o f  unmanaged, non-roaded forest habitat in the 
center o f  the BCCA. Cooperative landscape m anagement with BCCA land-owners has been 
limited, however, because no forest inventory data is available and no plan has been in place for 
the Project Area.
3.2 Data Collection 
3.2.1 Forest inventory
A forest inventory was designed and implemented on the Ovando M ountain unit o f  the 
BCW M A during the summ er o f  2008. The US Forest Service (Lolo National Forest) produced a 
stand delineation for the FW P property, which identified 68 distinct stands (Figure 3.3). USFS 
delineation defined boundaries o f  the stands, but included no further information about forest
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Stands 
Forestnype 
| H  Douglas-fir (mesic)
Douglas-fir (old-growth)
| | Douglas-fir (shrub)
Douglasfir (subalpine)
| Grassland 
V //\ Lodgepolepine 
f o ^  \ Ponderosa pine/western larch 
l~~.-.".j Quaking aspen 
| Shrubland 
Subalpine fir/whit ebark pine
Figure 3.3: Project Area Stands with Forest Types and Inventory Plot Locations
type within each stand. Therefore, the inventory process included a field site to visit to each 
stand once to field-truth stand boundaries and m ake a general assessment o f  forest type and 
condition o f each stand. Additionally, to make this portion o f  the field work more efficient, the 
first round o f assessment also included a single random plot in each o f  these stands (see 
description o f  plot m easurements below).
46
Once this baseline information was collected, a  stratified, systematic random sample 
distributed additional plots. The forest was stratified by dom inant tree cover, with strata 
including: shrublands, grasslands, ponderosa pine/western larch, Douglas-fir, lodgepole pine, 
subalpine fir/whitebark pine and aspen (see the locations o f  the forest types in Figure 3.3). Plots 
were randomly distributed within each stratum, depending on the variability in basal area 
between stands in the stratum (based on the single plot from each stand that was already visited) 
and the total acreage o f  the strata. GIS was used to distribute the random points and provide GPS 
coordinates for each plot. Plots were not established in the all o f  the grassland and shrubland 
strata because the focus o f  this inventory was forested stands. W eather and time constraints 
reduced the number o f  plots completed, resulting in a total o f  130 plots, with 0-4 plots per stand.
Figure 3.3 shows the final distribution o f  the plots.
In the field, GPS coordinates were used to locate the plots. At each plot we recorded the 
following site variables: slope (percent), aspect (degree), canopy cover class (0-20% =l, 20- 
40%=2, 40-60%=3, 60-80%=4, 80-100%=5), and additional notes about distinguishing 
characteristics. Point sampling (also known as variable-radius plots) measured the tree-level 
(overstory) data with a  basal area factor (BAF) o f  20 (Avery and Burkhardt 2002). For each in­
tree” the following data was recorded: plot number, tree ID, species, condition, and diam eter at 
breast height (dbh). The height o f  the first “in-tree” (starting north are working clockwise) o f 
each species in each five-inch (12.7 cm) diam eter class was measured using a digital laser range- 
finder. An attempt was made to measure ages by coring trees in every three to five plots, but 
equipment did not function properly and few tree ages were measured.
Additionally, at each plot two nested, fixed-radius sub-plots were used to evaluate 
regeneration, understory species, and habitat potential. The larger nested plot was a circular
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1/10* o f an acre plot (404.6 meters square, 11.3 m eter diameter, 37.3 feet diameter) and was 
used to measure regeneration over 4.5 feet (1 .37m) tall, but under 5 inches (12.7cm) dbh (trees 
were tallied in one-inch dbh increments). Additionally, percent cover o f  understory growth was 
measured in four one-meter square plots systematically placed within the 1/10th acre plot (see 
figure 3.4). The percent cover o f  every species present (over 1% cover) was measured in each 
one-meter plot. The presence o f  weeds (non-native, invasive species) within the 1/10th acre plot 
was noted. W eeds were classified as absent, present (less than one percent cover), com m on (1- 
20 percent cover), and abundant (greater than 20 percent cover). Also, a note was included for 
any intact bunch grass comm unities at this larger plot scale.
Figure 3.4: l/10th acre plot configuration for the Ovando Mountain Forest Inventory
An additional sub-plot o f  1/100th acre (40.5 m eters square, 3.5 m eter diameter, 11.7 foot 
diameter) was used to measure regeneration. Smaller regeneration (seedlings less than 4.5 feet 
tall) were tallied in this plot and the trees were assigned a dbh o f  0.1 inches.
Lastly, two transects were used to measure ungulate use o f  habitat and coarse woody 
debris W oody shrubs over 1 m eter tall were measured along 37.3-foot transect (to the edge o f 
the 1/10th acre plot) using the line-intercept method. The two transects were placed at a  random
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bearing and aligned to perpendicularly bisect the plot (See Figure 3.4). As shrub species cross 
the transect line, the distance intercepted by the shrub was recorded. Percent cover was 
calculated by dividing the distance intercepted by the total distance o f the transect. To 
qualitatively evaluate historical browsing, the average condition o f each important species 
greater than 5 % cover was generally classified as uninterrupted-growth-type, arrested-type, 
released-type, or retrogressed type according to Kiegley and Frisina (1998). To quantitatively 
measure current browse levels, a ‘typical’ single plant for every important shrub species greater 
than five percent cover was selected and the percent o f stems browsed was estimated (Stickney 
1966). Additionally, ungulate use o f the site was evaluated through pellet surveys, in which all 
pellet piles encountered in an extended two by fifty-foot transect were counted and classified by 
species (elk, mule deer) and season (summer, winter) (adapted from Lyon 1979a and Lyon 
1979b). Notes were made if sign o f other species was seen in and around the plot. Lastly, coarse 
woody debris was measured using the line-intersect method in which the diameter at the transect 
and length o f each piece o f CWD is measured.Further descriptions o f  the stands assessed in the 
forest inventory can be found in Appendix A.
3.2.2 Forest history
Historical information was collected and analyzed to set the baseline goals and desired 
outcomes o f the restoration process. These historical data and literature were used to reconstruct 
a qualitative estimate o f the historical range o f stand conditions seen throughout the Project Area 
and broader region, with the acknowledgement that these will likely be a range o f conditions 
because the forest has changed over time. It also provided useful general information to be 
included in forest planning. Table 3.1 shows the research that was pursued.
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Table 3.1: Historical data research
D ata  type Source(s) U sefulness
H istorical photos and 
aerial photos
■ local museum
■ local stakeholders
■ land m anagem ent agencies
D irect m easure o f  historical conditions 
through tim e, reference o f  historical 
range o f  conditions through the project 
area.
Fire m aps/fire history ■ US Forest Service
■ Interviews w ith local 
stakeholders
Provides inform ation for analysis o f  
historical photos, show s historical fire 
frequency.
G overnm ent Land 
O ffice survey notes
■ BLM Provides descriptions o f  forest 
conditions in each section o f  the project 
area at the turn o f  the century.
Interviews ■ Local stakeholders
■ Form er land-owners
Provide inform ation about historical uses 
o f  the p roject site.
Forestry records ■ M ansfield L ibrary (A naconda 
Papers)
T he A naconda Forest Products com pany 
kept detailed records o f  forest operations 
on lands adjacent to  the project area.
Literature ■ L iterature review Literature that provides inform ation 
about the historical range o f  conditions 
for various forest types throughout this 
region.
3.3 Prescription Development
The inventory and forest history information was used to design forestry prescriptions, 
which were based on the best available literature on habitat restoration (e.g. Tom back et. al. 
2001, Am o and Fiedler 2005). Table 3.2 shows the general prescriptions by forest type and 
Figure 3.3 shows the location o f  the various forest types across the Project Area. The Douglas- 
fir forest type tends to be in the transition areas from high elevation and low elevation, therefore 
there are a  variety o f  “sub-types” listed here, including: m esic-north-facing slopes, Douglas-fir 
shrublands, Douglas-fir grasslands with large old-growth trees, and Douglas-fir m ixed with 
subalpine forest. Next, these general treatm ents were prescribed to individual stands, 
constrained at times by access, slopes, and condition o f  each o f  the 68 stands (see Appendix B 
for complete prescriptions).
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3.4 Project Prioritization
The literature review in Section 2.3 concludes that the Analytical Hierarchy Process 
(AHP) is the optimal M CDA tool for prioritizing forest habitat improvement and stewardship 
treatments on the Project Area. The following discusses the complete process used to develop a 
ranked list o f  priorities.
3.4.1 Structuring the problem: Hierarchy and weights
The first step in AHP is to structure the problem by creating a hierarchy o f  objectives.
For the Project this hierarchy was developed by consulting the FW P manager, university faculty 
experts, and the community. The following figure shows the top two levels o f  the final hierarchy 
(see a more detailed hierarchy figure in Appendix C).
G rizzly Non-gam eM ule deerElk
C oop Econom yEducation
Figure 3.5: Hierarchy of Objectives for Ovando Mountain Unit of the BCWMA as
Forest H ealth
Cost Revenue
Insect/Disease Fire
C om m unity
C oncernsH abitat
Im provem ent
Forest
S tew ardship
(cost/revenue)
G oal: 
P r io r itiz e  s tan d  
tre a tm e n ts  on  the  
BC W M A
designed by forest managers.
W eights, signifying relative importance, were provided for each branch o f  the hierarchy
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following the methods outlined in the AHP (Saaty 2000). During an interview process in 
December o f  2008, the manager, Jay Kolbe (FW P Area Biologist) performed pair-wise 
comparisons o f  relative importance o f  the various objectives at each level o f  the hierarchy. For 
example, he was asked “How much more important is habitat improvement than reducing threats 
to forest health in prioritizing stand treatm ents?” and “How much more important is improving 
habitat for elk than improving habitat for mule deer in prioritizing stand treatments? The 
manager was asked to respond using a verbal scale o f  relative importance, ranging from equally 
important to extremely important. This was then converted into a numerical rating as shown in 
Table 3.3. These numerical rankings created a matrix (A) o f  for each level or branch o f  the 
hierarchy. W here ay is the relative importance o f  criteria i compared to criteria./.
A =
a.
a,
*31
a \2  a \3
a 22  a 27>
a 32 a 33  _
Table 3.3: AHP pair-wise comparison scale, verbal and numeric (adapted from Saaty 
2000)
Verbal Comparison Numerical
rating/intensity
Equal importance 1
Moderate importance 3
Strong importance 5
Very strong importance 7
Extreme importance 9
These comparisons fill in matrix A in a reciprocal fashion (ay = 1/ ay), meaning that comparisons 
only have to be made in a  single direction. The values in the matrix were transform ed into a 
vector o f  weights for each objective using the geometric means. Then means were normalized so 
that the sum o f  all weights is one. See Table 3.4 for an example.
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Table 3.4: Shows the matrix of pair-wise comparisons, calculations of the geometric means 
and normalizations to derive manager-defined weights.
Habitat
Health
Stewardship
Community
Habitat
1
1/9
1/9
1/7
Health
1/5
1/5
Stewardship Community Geometric m ean -
(]*9*9*7)1/4=
(1/9*1 *5*5)17g
(1/9*1/5*1*1) -
(1/7* 1/5* l* ! ) 77̂ "
wj
4.:
1.29
0.447
0.411
=6.97
Wj
0.699
0.185
0.064
0.059
=1
The weights for the sub-objectives in the costs branch o f the hierarchy were developed 
differently. For these, the branches were weighted based on the relative costs o f  the different 
treatments or needs. These relative costs were developed from the 2009 NRCS Cost List. Table 
3.5 shows the final weights developed from the m anager interview and cost analysis.
OBJECTIVES Weight
Habitat Improvement 0.70
- Elk 0.42
- M ule Deer 0.42
- Grizzly Bear 0.11
- Non-game 0.05
Forest Health 0.19
- Insect/ Disease 0.83
- Fire 0.17
Forest Stewardship 0.06
- Cost 0.75
Slopes 0.66
Roads 0.02
Burn 0.06
Slash 0.26
- Revenue 0.25
Coop 0.28
Grants 0.65
Timber 0.07
Community Concerns 0.06
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3.4.2 Considering community concerns
To incorporate the concerns o f  the community and neighboring land-owners, as well as 
fulfill a commitment to the BCCA-M OU, the community was involved in the planning process. 
This process was based on basic values assessment methods and recom mendations from 
practitioners as well as the needs for the AHP process. Public involvement consisted o f  several
in-depth interviews and one workshop.
Seven in-depth interviews were conducted between February 23 and M arch 1, 2009. 
Interviewees were self-selected at a BCCA Council M eeting (February 3, 2009) and represent 
the wide range o f  interests groups in the valley, including: wildlife conservationists, foresters, 
recent residents, US Forest Service personnel,, conservation NGOs, hunters/trappers, ranchers, 
and policy-makers. The Council-members are all responsible for the m anagement o f  the BCCA 
Core Area and cooperative management o f the BCCA across all ownerships. Interviews lasted 
approximately 30 minutes to one hour and included: a statement o f  personal identification/role, 
introduction to the project and goals o f  the interview, discussion o f  community concerns or 
individual concerns, a values m apping exercise, and a ranking o f  objectives. A workshop was 
planned to review comments provided in the interviews with a broader audience and m ake any 
revisions or additions to the values map.
Generally, interviewees supported the FW P project and the objectives provided by FW P 
managers (habitat improvement, protection o f  forest health, and forest stewardship). Some 
additional concerns noted by interviewees included (in order o f  frequency):
■ Economic support to local business and the local economy
■ Education/Demonstration
■ Cooperative work with neighbors/BCCA
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■ Weed control
■ Natural views
■ Natural fire regime
■ Responsible access/minimal roads
■ Watershed protection
These comments were used to revise the AHP hierarchy. Those concerns which could be used to 
prioritize stands were included in the “community concerns” branch o f the hierarchy. These 
included: educational value, benefits to the local economy, and opportunities for cooperation. 
Many o f the concerns, such as weed control, natural views, and watershed protection were not 
added to the hierarchy because they will be applied equally to every treatment through the 
prescription design process. Next, I used these discussions as the basis for doing patr-wtse 
comparisons and providing weights to each branch o f the hierarchy using methods shown above 
(Saaty 2000). The community did add objectives that FWP had not included (now located under 
the “community concerns” branch o f the hierarchy) and their weights do differ in several areas of
the hierarchy (see table 3.6).
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Community
Weight
FWP
Weight
0.70
OBJECTIVES
H ab ita t Im provem ent
Forest Habitat
Shrub Habitat
Forest Habitat
Shrub Habitat
Forest H ealth
Insect/ Disease
F orest S tew ardship
Revenue
Grants
Timber
C om m unity C oncerns
Econom ics/T im ber
Cooperation
Table 3.6: AHP weights developed from manager interview compared to 
from community interviews.__________
those derived
Education
In the final problem structure, community weights will be used only for the “Community 
concerns” branch, because the other weights are provided by agency mandates and expert 
opinion and are not flexible. In general, the m agnitude o f  these weights is sim ilar and use o f 
one or the other is not expected to have dramatic influence on the final ranking. The analysis 
below will test whether this assumption holds, and discuss how the m anager can incorporate the
community input more completely.
The interviewees also reviewed a m ap o f  the Project Area and placed values and 
objectives on the map where they felt it was appropriate. The complete map o f  all interviewees 
input is shown in Appendix G. N o further comments were added at the workshop.
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3.4.3 Criteria modeling and measurements
Various forms o f  data can be used to measure the performance o f  each alternative (stand) 
compared to the objectives outlined in the hierarchy. In this case, multi-disciplinary objectives 
ranging from wildlife habitat improvement (qualitative) to community concerns (quantitative) 
are included. The AHP analysis incorporated various forms o f  data and inputs discussed below:
(1) Habitat Improvement 
a. Elk and M ule Deer
Two sub-criteria were used to evaluate improvement in habitat quality with treatm ents for 
both elk and mule deer. The first is the forest habitat quality sub-criteria which was based on 
basal area o f  the stand before and after treatments. The second was the shrub improvement sub­
criteria which is based on stand treatm ents that improve shrubs and, therefore, browse 
availability. The two sub-criteria were weighted differently for elk and mule deer based on the 
amount o f  browse that makes up each species winter diet. For example, for elk, browse (shrubs) 
is on average 29% o f  the winter diet (Christianson and Creel 2007), so the shrub improvement 
receives a  weight o f  0.29 and forest habitat received a weight o f  0.71. For mule deer, the 
percentage o f  browse use is much higher, 74% (Kufeld et. al. 1973), and the weights were 
designed accordingly.
For the forest habitat quality sub-criteria, a  site-attribute model (a model which relates 
site attributes to use by the species -  see Chapter 2.1) was attempted. The following is a 
description o f  the m odeling methods, though it should be noted that the data was not ideal for 
this m odeling and I adopted a different m ethod in the end. A species distribution model was 
created for elk to calculate probability o f  use using important habitat characteristics as predictors. 
The response variable for this model was a binomial measure o f  use (used/un-used) based on
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presence or absence of pellets. Model predictor variables were plot-based field data, including: 
slope (percent), aspect (degrees), canopy cover (percent), basal area (feet square per acre), forest 
type, and percent cover o f preferred winter browse. Aspect was transformed to be symmetrical 
across the northeast/southwest axis and range from zero to one using a heat load index according 
to McCune and Keon (2002). Canopy cover was a ordinal measure with 1 = 0-20%, 2=20- 
4 0 %,3-40-60%,4=60-80%, and 5 = 80-100% cover. Forest type was a categorical variable 
defined by dominant tree species (1 = mixed/Douglas-fir, 2 = shrub, 3 = subalpine fir, 4 = 
lodgepole pine, 5 = Douglas-fir, 6 = ponderosa pine/westem larch, 7 = aspen). Preferred browse 
for elk includes: snowbrush ceanothus (Ceanothus velutinus), chokecherry (Prunus virginiana), 
snowberry (Symphoricarpos albus), willow (Salix sp.), and aspen (Populus sp.) (Kufeld 1973, 
Christianson and Creel 2007). All predictors have approximately normal distributions except for
browse, which was left-skewed.
Generalized linear models and generalized additive models (GLM/GAM) were used to
select a model. The response variable was binomial so logistic regression (logit link function)
was used. GAM was used first to identify the best fit model and (using the AIC statistic) and
was also used to determine the potential o f non-linear relationships between the predictors and
the response. Once the GAM determined a potential best model, several iterations o f GLM were
performed and Anova (Chi-square) tests were used to further identify the most parsimonious
model. Next, 10-fold cross validation was performed and the AUC metric was used to evaluate
the robustness o f the model. Only the elevation predictor was found to be significant in the final
enx)
model, which was: Probability o f  use =  --------— p r e f i x )  —  3.68 - . ^ [ e le v a t io n ]
1 "T" ^
(AUC = 0.59).
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Since the GLM/GAM  models were not robust, alternative methods were used to evaluate 
habitat qualit at this scale for both species. For this analysis habitat quality was assumed to be 
represented by selected stands, or frequency o f  ungulate pellets in the stand. I developed 
relative, in-situ habitat quality rankings by plotting frequency o f  use against habitat 
characteristics (and in the case o f  elk, multiplying by the probability function from above). The 
first step was to determine a habitat characteristic variable that would influence use and be 
possible to manipulate when forest treatments were considered. Basal area (cross-sectional area 
o f  trees per acre) was the best characteristic to consider because it is correlated to the important 
habitat characteristics o f  cover and browse availability. Histograms were created to plot relative 
frequency o f  use, based on num ber o f pellets per plot, over relative frequency o f  availability for 
each basal area category (Figure 3.6 and 3.7). Negative values represent those basal areas which 
are selected against and positive values represent the stands that are selected for.
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Figure 3.6: Elk use as a function o f availability o f basal area categories and habitat quality 
rankings.
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Figure 3.7: Mule deer use as a function of availability of basal area categories and hab ita t 
quality rankings.
Next, each stand was ranked based on frequency o f  use/availability and average basal 
area. The ranking on the histograms indicates habitat quality ranking, for example, if  a  stand had 
a basal area o f  80, it was given a habitat quality ranking o f  six for m ule deer. For elk, the 
ranking provided by the basal area histogram was then multiplied by the probability o f  use based 
on the above elevation equation. In other words, both basal area and elevation influenced habitat 
quality rankings for each stand for elk. Habitat improvement was then m easured for each stand 
by comparing the expected habitat quality (based on basal area retention o f restoration 
treatments) to existing habitat quality for the stand. Future treatm ents include a range o f  “no 
action” to significant overstory harvests depending on cover type (Appendix B).
Finally, I also developed a shrub improvement “sub-criteria” which categorically 
measured the browse habitat improvement based on prescriptions. Those stands in which 
prescribed bum s were to be used to enhance shrub growth received a high value (1), those stands 
in which tim ber harvest would open the canopy and increase shrub growth received and
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intermediate value (0.5), and those in which no shrub improvement was expected received a low
value (0).
b. Grizzly Bears
For the grizzly bears o f  W estern M ontana, fruit-berry shrubs are the food source with the 
highest importance value (Mace and Jonkle 1986). These species include: Vaccinium sp., 
Amelanchier alnifolia, Prunus virginiana, Artostapylus uva-ursi, and  Sorbus scopulina  
(huckleberry, serviceberry, chokecherry, kinickinick, and m ountain ash, respectively). (Mace 
and Jonkel 1986, Servheen 1983). To measure habitat value o f  each stand for grizzly bears, the 
average percent cover per stand o f  these important shrub species was calculated from the shrub 
transect data (see inventory methods above). Stands with high percent cover o f  these speices 
were given a high priority.
c. Non-game species o f  concern
To measure habitat improvement for non-game species o f  concern, a variety o f 
measurements could be included depending on the particular needs and habitat characteristics o f 
individual species. However, to simplify analysis, the availability o f  coarse-woody-debris 
(CW D) was used to evaluate habitat quality for non-game species. CW D is a good metric for 
this objective because many species, particularly the bird and bat species o f  concern, rely on 
CW D and snags to reproduce and survive. Average CW D volum e per stand was calculated from 
plot data, which measured diameter and length o f  CWD pieces along the 1/10th acre transects 
(see above methods). The volume (cubic feet) per piece was calculated. These were summed at 
the plot scale and then averaged for each stand. A standard value (such as volume/acre) was not 
accurate to use given the data collection methods; therefore, this CW D measure is relative and 
only useful for comparison between stands.
62
( 2 ) Forest H ealth
a. Insects and D isease
There are tw o m ain  forest health  im pacts to  consider for this category: w hitebark  pine 
b lister rust and m ountain pine beetle (M PB ). For w hite pine b lister rust, each  stand w as given a 
ranking based on curren t conditions. T hose stands w ith  w hitebark  pine that are infected by 
blister rust receive a  score o f  “h igh risk” (1). T hose w ith w hitebark  pine that are no t infected 
received a score o f  “m oderate risk” (0.5). All o thers receive “no risk” (0).
The o ther prim ary concern  is m ountain  pine beetle (M PB ) infestation. The M PB in LPP 
R isk R ating EM  A ddfile (II) for the U SFS, Forest V egetation S im ulator (based  on R andall and 
T ensm eyer 2000) provides a risk  susceptib ility  rating. The m odel uses percent o f  to tal basal area 
that is lodgepole pine, total stand basal area, total trees p er acre, stand elevation, stand age, 
average D BH  o f  lodgepole p ine (o f  trees greater than  5 inches) to  get a  rating o f  1-14 (low  risk  to 
h igh risk). T he m odel w as used to predict a M PB hazard  rating for each  stand in the year 2009. 
R efer to A ppendix  G for a m ap o f  curren t insect and d isease outbreaks.
b. R isk o f  C atastrophic Fire
The F ire and Fuels E xtension to  Forest V egetation  S im ulator (FFE -FV S), a U SFS m odel, 
w as used to generate a potential fire report. F ire m odels from  A nderson (1982) w ere defined for 
each forest type. C row n index (C l) w as used to m easure potential for ca tastrophic crow n fire. A  
crow n fire is one that bum s from  crow n to crow n o f  the trees and is stand replacing. C l 
represents the 20-ft w ind speed (m iles/hour) required  to  cause an  active crow n fire under m odel 
default conditions o f  70 degrees and 20 m ile per hour w ind speeds. Low  C l values indicate high 
fire risk because it m eans that a light w ind can sustain  a  crow n fire.
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( 3 )  Forest Stew ardship 
a. Costs
i. Road construction and access
A rcG IS w as used to  m easure the m inim um  distance from  existing  roads to  each stand 
edge (in m eters). This serves as a proxy for tem porary  road build ing  costs. A value o f  0 w as 
used for those stands not requiring roads for treatm ent and those that curren tly  have access.
Road layers for A rcG IS w ere obtained from  the M ontana D epartm ent o f  N atural R esources and 
Conservation.
ii. Equipm ent costs and difficulty
A verage slope throughout the stand w as used to evaluate equipm ent and d ifficulty  costs. 
S tands that have low er harvest d ifficulty  and cost w ill be prioritized  because they  w ill require 
low er investm ent. In addition, the projects on steeps slopes pose greater risks to w ater quality. 
The D igital E levation  M odel (D E M ), supplied  by the State o f  M ontana, w as used to  obtain 
slopes (in degrees) throughout the p ro ject area. H aw th’s tool extension  to  A rcG IS  w as used to 
calculate stand average slope from  the D E M -slope data. S lopes less than 40 percent are feasible 
for ground-based harvesting  and those greater than  40  percent require un ique equipm ent, cable- 
yard ing  o r helicopter harvest. Therefore, in this category slopes less than 40  should  be 
prioritized and those greater should  not.
iii. P rescribed bum  costs
For those stands w ith prescribed bum s p lanned  (see A ppendix  G for a  fire p lan  m ap), the 
size o f  the stand, in acres, w as used to  approxim ate bum  cost. T hose w ithou t prescribed  bum s 
received a value o f  zero. M any other factors m ay influence the cost o f  prescribed bum s, such as
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terrain difficulty, number o f  crews needed, and m achinery needed, but these are hard to predict 
without detailed bum  plans and were not included, 
iv. Hand-work costs
For those stands requiring a hand crew for implementation o f  the prescription, the size of 
the stand, in acres, was included as a proxy for the number o f crews needed or the hours o f  work 
to be completed. Those without slashing or handwork received a value o f  zero.
b. Revenue
i. Cooperation
This was categorical measure o f  potential for cross-boundary cooperative projects, under 
the direction o f  the BCCA agreement. Two categories were used -  stands with potential and 
those without, based on conversations with managers and neighboring landowners. All border 
stands where neighboring land-owners have focused on potential for cooperation were 
categorized as “high potential” . This includes the entire boundary with the BCCA Core, the 
boundary with DNRC and the eastern side o f  the boundary with the Forest Service. O ther stands 
were categorizes as “no potential” . The western boundary with the Forest Service is not in a 
management classification that allows for forestry work and few roads exist, so there is no 
cooperation for this portion o f  the Project Area boundary, 
ii. Grant potential
Potential for acquiring grants to complete implementation was measured based on 
discussions with managers and experts. Those stands with species o f  concern or rare forest types 
received a “high” ranking. Those stands that would likely qualify for forest stewardship grants 
for fire hazard reduction and habitat projects received a “medium” ranking. Everything else 
received a “ low” ranking.
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iii. M erchantable tim ber revenue
For the stands in which a commercial tim ber harvest is prescribed, merchantable timber
volume was estimated. FVS was used to calculate existing merchantable tim ber volume (in
million board-feet per acre) for the species prescribed to be harvested. This was multiplied by
number o f  acres in the stand and the percent change in basal area prescribed (see prescriptions in
Appendix B).
Community Concerns
a. Education or Demonstration value
The community is very interested in projects that can provide education at various levels.
Some are interested in education for youth or school children and the general public, others are
more interested in projects that can provide demonstration for those seeking to manage their own
land or the community forest. Therefore, there are several aspects o f  the education attribute.
First, if  the stand is easily accessible to give tours for schools or the general public, then it has
high value for education. If  the stand is visible from the valley below and will bring awareness
about the project it has moderate value. Also, if  the stand has a  unique forest type and could
provide insight about special forest treatm ents to those seeking to manage land but is not easily
accessible, then it has a  moderate educational value. All other stands were categorized as low
educational potential.
b. Economic benefit to local business
All operations completed on the Project Area, including tim ber harvest, prescribed bum s, 
or hand felling and brush clearing, would benefit the local economy and local businesses. 
However, tim ber harvest values would well exceed any other benefit in term s of the dollars 
generated, so the amount o f  merchantable tim ber for each stand was used to measure this local
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economic benefit criteria. For the stands in which a commercial tim ber harvest is prescribed, 
merchantable tim ber volume was estimated. FVS was used to calculate merchantable tim ber 
volume (in million board-feet per acre) for the species prescribed to be harvested as calculated 
above (criteria 4.b.iii). 
c. Cooperation under BCCA agreement
This was a measure a  categorical measure o f  potential for cross-boundary cooperative 
projects, under the direction o f  the BCCA agreement. See the above section, under Forest 
Stewardship for the description o f  this variable (4.b.i).
3.4.4 Scaling attributes and prioritizing stands
Table 3.7 summarizes the variables used (described above) and the methods used for 
scaling them to a value between 0 and 1 for use in AHP. Table 3.8 shows criteria values for 
several alternatives and Table 3.9 shows the criteria values after they were scaled. The full 
tables o f  data and analysis for all 68 stands are found in Appendix D).
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Table 3.7: Criteria descriptions and scaling methods.
Variable Code Description Units Scaling methods
HABITAT
Elk forest habitat 
im provem ent
Elk The change in forest hab itat quality 
w ith treatm ent.
H abitat Rank 
C hange
A dd h a lf  o f  range (to 
m ake negatives 
positive) and div ide by 
total range = 
((E lk)+2)/4
M ule deer forest habitat 
im provem ent
M ule
deer
T he change in forest habitat quality 
w ith treatm ent.
H abitat Rank 
C hange
A dd h a lf  o f  range (to 
m ake negatives 
positive) and divide by 
to tal range. =  
((D eer)+7)/14
Elk and m ule deer Shrub 
Im provem ent
“ T he use o f  forest prescrip tions that 
w ill im prove shrub (and brow se) 
availability  and quality.
N one, O pen 
C anopy, 
P rescribed B um
N one=0
O pen C anopy =  0.5 
P rescribed B um  =  1
G rizzly  hab ita t quality G rizzly
bears
H abitat quality  as m easured  by 
berry  availab ility  (percen t cover)
Percent (P e rcen t)/100
N on-gam e habitat value N on­
game
R elative volum e o f  coarse w oody 
debris
A verage cubic 
feet per stand
1 -  (volum e/m axim um  
volum e)
HEALTH
M ountain p ine beetle risk 
rating
M PB FV S-generated M PB risk-rating  
under curren t conditions
R ating  1-10 
(w here 10 is high 
risk)
(R ating)/ 10
W hite p ine b lister rust BR W hite p ine b lister rust categorical 
risk rating.
H igh, m edium , 
low
Low  = 0, 
M edium  = 0.5, 
H igh =  1
C row n fire risk Fire FV S-generated  crow n index 
(m i/hr)
M iles per hour 1 -  (C l/M axim um  C l)
COST
H arvesting  difficulty Slope A verage slope o f  stand Percent slope S lope> 40%  -  0 
S lopes<40%  =  1
Road construction needs Road D istance from  ex isting  roads to 
ed g e (m )
M eters 1 -
(distance/M axim um )
A cres o f  prescribed fire B um A cres o f  prescribed  fire planned Acres
1 -  (A cres/M axim um )
A cres o f  hand crew  w ork H and A cres o f  handw ork/slash ing  
prescribed
A cres 1 -  (A cres/M axim um )
REVENUE
Potential for cooperation Coop C ategorical - potential for 
cooperation  w ith neighbors
H igh, M edium , 
Low
H igh =1, M edium  = 
0.5, L ow  = 0
Potential for grants G rants C ategorical -  potential for grant 
funding
H igh, M edium , 
Low
High =1, M edium  = 
0 .5 , Low  = 0
C om m ercial tim ber 
harvested
Tim ber M illion board  feet com m ercial 
tim ber to  be harvested  w ith 
prescribed  treatm ent
M M BF M M B F/M axim um
COMMUNITY
Potential fo r education Ed C ategorical - potential for 
educational o r dem onstration
H igh, M edium , 
Low
H igh = 1 , M edium  = 
0.5, Low  = 0
C om m ercial tim ber 
harvested
T im ber M illion board feet com m ercial 
tim ber to  be harvested  w ith 
prescribed treatm ent
M M BF M M B F/M axim um
Potential for cooperation Coop C ategorical - potential for 
cooperation  w ith neighbors
H igh, M edium  
Low
H igh = 1 , M edium  = 
0 .5, L ow  =  0
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Table 
3.8: 
A
ttribute 
values for 
alternatives 
1-13.
Once the weights were calculated and attributes were scaled, relative prioritization values 
were calculated. The value for each alternative, for each branch of the hierarchy is calculated by 
the following equation:
v  = £w x £ ( w  *a ) , Where:
to  ' n  V 7 j J
• Wj = the Weight for the highest level o f the hierarchy for the ith branch (of four
branches).
• wj = the weight for the jth sub-objective or criteria.
• aj = the attribute value o f the alternative being evaluated for the jth criteria.
Those with the highest relative value are ranked as the top priority for treatment. Table 3.10 
shows the results of the rankings for the top 15 stands using the manger-defined weights.
Table 3.10: Priority ranking and prescriptions for the top 15 stands based on manager- 
defined weights. ________  i_____________________________________________ _
Priority
Ranking
Stand Acres Forest
Type
Prescription
1 62 65 QA C onifer-cu tting  and m onito r regeneration .
2 51 64 Sh H and fell and p rescribed  fire.
3 36 38 Sh Prescribed fire throughout stand.
4 46 40 Sh Prescribed fire throughout stand.
5 1 21 Sh Prescribed fire throughout stand.
6 55 43 Sh Prescribed fire throughout stand.
7 63 117 PP
V ariable retention  th inn ing  (20-50 sq ft residual), retain  cover 
near riparian  areas.
8 20 34 PP
V ariable retention th inn ing  (20-50 sq ft residual), retain  cover 
near riparian  areas.
9 33 85 Sh Prescribed fire throughout stand.
10 29 56 PP
V ariable retention  th inn ing  (20-50 sq ft residual), retain  cover 
near riparian  areas.
11 45 83 Sh Prescribed fire throughout stand.
12 67 77 LP
C om m ercial harvest in patch  cuts to  sim ulate “m osaic” and focus 
on  beetle k illed  portions and flat places.
13 26 32 PP
V ariable retention  th inn ing  (20-50 sq ft residual), retain  cover 
near riparian  areas.
14 40 66 Sh Prescribed fire throughout stand.
15 41 52 Sh Prescribed fire throughout stand.
*(Forest T ypes: PP  =  ponderosa p ine/w estern  larch, LP =  L odgepole  p ine, Sh =  Shrublands, Q A = Q uaking  aspen)
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4 A GUIDE FOR USING THE ANALYTICAL HIERARCHY 
PROCESS FOR MULTI-OBJECTIVE FOREST PLANNING
Abstract
Forest managers use long-term  planning to use resources efficiently, satisfy stakeholders, and 
m aintain forest health. Forest planning is very com plex, however, m aking it difficult for a 
m anager to m ake appropriate and optimal decisions. A potential solution to addressing this mix 
o f  subjective and objective issues is m ultiple-criterion decision-analysis (M CDA). M CDA is 
often used as a decision support tool to optim ize benefits and locate the best alternative am ong a 
large num ber o f  possibilities. The Analytical H ierarchy Process (AHP) is valuable for multiple- 
objective forest planning because it can accom m odate various forms o f  data, does not require a 
single unit o f  m easurem ent, and can incorporate stakeholder involvement. This paper shows 
how AH P can be used to incorporate m ulti-disciplinary objectives and m odels into forest 
planning. An exam ple forest planning project from  western M ontana is used to illustrate the 
m ethod m ore clearly and answer the research questions. Some difficulties were encountered 
with the example problem  and can provide insight into how best to im plem ent AHP in forest 
planning. W ith these difficulties considered, AH P was found to be a useful tool because it 
allows for incorporating m ultiple interests and objectives, accom m odates m ultiple kinds o f  data, 
ranging from qualitative scientific m odels to quantitative values-based data, and facilitates 
com m unication w ith stakeholders about values and interests. AHP enables efficient use o f  
resources for difficult and complex forest planning problem s and provides a tool for m anagers to 
analyze and com m unicate a preferential decision.
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4.1 Introduction
Forest m anagers use long-term planning to use resources efficiently, satisfy stakeholders, 
and m aintain forest health. Forest planning is very complex, however, m aking it difficult for a 
m anager to make appropriate and optimal decisions. In forestry, there tends to be a wide variety 
o f  objectives and stakeholder opinions, a high degree o f  uncertainty in evaluating and m easuring 
criteria, and long tim e horizons for forest growth (Kangas and Kangas 2002). In addition, there 
tends to be a m ix o f  qualitative and quantitative inform ation available to inform  the planning 
process. A potential solution to addressing this m ix o f  subjective and objective issues managers 
face is m ultiple-criterion decision-analysis.
M ultiple-criterion decisions-analysis (M CDA) is often used as a  decision support tool to 
optim ize benefits and locate the best alternative am ong a large num ber o f  possibilities. 
Quantitative decision analysis allows a m anager to assess large num bers o f  alternatives and to 
balance m any potentially opposing objectives (Pukkala 2002). Additionally, M CDA can 
improve the decision-m aking process because quantitative and in-depth analysis can provide 
greater understanding o f  the objectives and alternatives, in addition to more opportunities for 
clear comm unication (Pukkala 2002).
4.1.1 Variety of MCDA m ethods
Two main categories o f  M CDA are discussed in the literature. First, m ultiple objective 
decision-m aking (M ODM ) methods, or continuous methods, are used w hen an infinite num ber o f  
alternatives are to be evaluated (M endoza and M artins 2006). As a result o f  its ability to work 
with or develop a m ultitude o f  alternatives, M ODM  m ethods are increasingly being applied to 
forest planning efforts and experim ents (e.g. Bettinger et. al. 1997, Dane et. al. 1977, Borges et. 
al. 2002). Second, m ultiple attribute decision-m aking (M ADM ) m ethods, also know n as discrete
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methods, are used to ehoose from an existing colleetion o f management alternatives and are best
for prioritizing projects.
Many MCDA methods have been used for forest planning, including: goal programming
(GP), heuristic methods, multi-attribute utility theory (MAUT), and the analytical hierarchy 
process (AHP). The former two methods are classified as continuous methods, or MODM, and 
the latter as discrete methods, or MADM. For all o f the above, the general process is: (1) collect 
data, (2) identify decision makers, stakeholders and objectives, (3) generate alternatives and 
predict consequences, (4) evaluate and compare results, (5) and choose the best alternative based 
on the objectives (Kangas and Kangas 2002). The main differences are in the way the problem is 
structured and in the evaluation o f alternatives. For example, goal programming (GP) 
determines the optimal solution by minimizing deviations o f objective variables from specified 
target values, which are derived from management goals (Pukkala 2002). Heuristic methods 
focus on optimizing a utility function using trial and error modeling, which allows for generation 
o f alternatives (Borges et. al. 2002, Pukkala 2002, deSteiguer et. al. 2003). MAUT also focuses 
on maximizing a utility function defined by costs and benefits, but allows the manager to 
compare a small number o f given alternatives (e.g. Alho et. al. 2002, Ananda and Herath 2005). 
AHP, a form o f MAUT, also seeks to find the alternative that maximizes overall utility given 
several objectives and alternatives, but also provides a useful tool for designing the utility
function.
4.1.2 Analytical hierarchy process (AHP)
AHP is widely applied as a tool to rank or prioritize pre-defined management 
alternatives. It was first applied to prioritize forest management alternatives according to three 
management goals: maximize economic return, maximize wildlife habitat, and maximize
recreation opportunity (M endoza and Sprouse 1989). Since then it has been used to prioritize 
various forms o f  inventory and m onitoring protocols in the National Parks (Peterson et. al. 1994, 
Schmoldt et. al. 1994), schedule forest road m aintenance (Coulter et. al. 2006) and incorporate 
stakeholder preferences to rank social, econom ic, and ecological objectives for a regional forest 
plan (Ananda and Herath 2003), among others.
AHP is valuable for m ultiple-objective decision m aking because it can accom modate 
various forms o f  data and does not require a single unit o f  measurement. The hierarchical 
structure helps managers develop a full understanding o f  the problem  at hand by breaking it 
down into pieces. It is also a very visual process and is therefore easily com m unicated and 
understood (Saaty 2000) and allows decision-m akers to demonstrate how criteria are developed 
(Ananda and Herath 2003). In addition, AH P can be utilized as a stakeholder involvem ent tool 
in both problem  developm ent and com m unication (Saaty 2000, Ananda and Herath 2003, 
M arttunene and Ham alainene 1995). It is im portant to note that valuable AH P results depend 
heavily on how preferences are evaluated, how the process is designed (how you structure the 
hierarchy or determine weights etc.), and who the decision-m aker is (Ananada and Herath 2003). 
Therefore, careful structuring o f  the problem is essential. This paper will show how  AHP can be 
used to incorporate m ulti-disciplinary objectives and m odels into forest planning. A n example 
forest planning project from western M ontana, conducted by the author, is used to illustrate the 
m ethod more clearly and answer the research questions.
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4.2 Materials and Methods 
4.2.1 Study area and data
The Ovando Mountain Unit o f the Blackfoot-Clearwater Wildlife Management Area (the 
Project Area) is owned and managed by Montana Fish, Wildlife and Parks (FWP) to provide 
wildlife habitat that might otherwise be at risk for degradation. The 4,000-acre forested site is 
located about five miles north-east o f the town o f Ovando, in the Blackfoot Valley o f  western 
Montana about 50 miles northeast o f Missoula, Montana (Figure 4.1).
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Figure 4.1: A map o f the Project Area.
Elevation on the Project Area ranges from 5,000 to 7,500 feet above sea level. This 
broad range o f elevation provides a diversity o f forest and cover types, including: ponderosa 
pine (Pinus ponderosa)/western larch (Larix Occidentalis) forests in low elevations, Douglas-fir 
(Pseudotsuga menziesii) forests and lodgepole pine (Pinus contorta) forests in middle elevations, 
and whitebark pine (Pinus albicaulis)/suba\pinQ fir (Abies lasiocarpa) forests in high elevations. 
Shrublands cover southern aspects on middle elevations and grasslands cover the mountain-top
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portions o f the Project Area. There is also one 50-acre quaking aspen (.Populus tremuloides) 
stand on the project area, a fairly rare feature in the Northern Rocky Mountains.
This Project Area has historically been managed for elk and deer winter range and is a 
heavily used hunting area, though little land management has occurred since FWP acquired the 
property in 1957. The site is highly valued for habitat because o f this lack o f historic 
management, and more notably, the lack o f roads and connectivity to large tracts o f wilderness 
areas. In addition, the project site is part o f the Blackfoot Community Conservation Area 
(BCCA), a 41,000-acre area composed o f private, public, and community-owned lands managed 
collaboratively for long-term conservation (shown on Figure 4.1).
One hundred years o f fire suppression policies applied throughout the western United 
States have altered the fire-dependent habitats o f the Project Area, resulting in: increased risk o f 
stand-replacing, catastrophic wildfire; loss o f ecological diversity and landscape heterogeneity; 
and reduced wildlife habitat quality for many species dependent on periodic disturbances (Gibbs 
et. al. 2004, Amo and Fiedler 2005, Dodson et. al. 2007). Therefore, FWP land managers are 
seeking a forest plan that will improve the habitat conditions and forest health, while preparing 
the site for restoration o f the natural fire regimes. This planning effort includes: a forest 
inventory, designing forest stand prescriptions, and prioritization o f projects for efficient 
implementation.
The forest stands were delineated using ArcGIS tools and 68 stands were identified. A 
field crew conducted a forest inventory in the summer o f 2008, using a systematic random 
sample, stratified by forest type, resulting in a total o f 130 plots, with 0-4 plots per stand. At 
each plot researchers recorded site data (such as slope and aspect), tree data (tree species, 
diameter, height, etc.), understory vegetation data (shrubs, forbs and grasses), and elk (Cervus
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Canadensis) and mule deer (Odocoileus hemionus) use data (m easured by pellets and browsing 
evidence on vegetation). This information was used to design forest stand prescriptions, based 
on the best available literature on habitat restoration for these forest types (e.g. Stewart 1996, 
Tomback et. al. 2001, A m o and Fiedler 2006). M ore importantly, the data were used to 
prioritize stands for treatment. The next section describes the prioritization process (AHP) in 
m ore detail, using five stands o f  different forest types from the Project Area to provide an 
example.
4.2.2 The Analytical Hierarchy Process
AHP follows several basic steps: (1) structuring the problem , (2) m aking pair-wise 
comparisons and calculating weights, (3) identifying, m easuring and scaling attributes, and (4) 
ranking alternatives. The following section describes how AHP was applied, how m ultiple 
models and data sources were incorporated into the AHP fram ework, and how the public was 
involved in the process.
Step 1: Structuring the Problem
The AHP uses relative values and com parative judgm ents to develop a weighted 
hierarchy o f  objectives. First, the decision-m aker and stakeholders form ulate a  goal, objectives 
and criteria to structure the problem  as a hierarchy (see Figure 4.2). The prim ary goal o f  the 
problem is placed at the top o f  the hierarchy. The key objectives are then placed below the goal 
in the hierarchy.
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C rite rio nC rite rio nC rite rio nC rite rio n
Objective 2Objective 1
GOAL
Figure 4.2: AHP basic hierarchy of objectives
In the example, the primary goal is to prioritize stands for restoration treatments on the
BCWMA. The objectives were:
• Restoration o f important habitats,
• Protection o f forest health,
• Utilizing forest stewardship,
• Accommodating community concerns.
These broad objective categories are not easily measured, however, so criteria must be added to 
the hierarchy to define measureable sub-objectives. For example, in this project, the criteria (and
sub-criteria) for the Forest Health objective are:
• Risk of insect or disease outbreak
o Risk of mountain pine beetle outbreak 
o Risk of white pine blister rust infection
• Risk of catastrophic wildfire
Managers and experts were consulted to create the full hierarchy, shown in Figure 4.3 
(see Table 4.1 for key to the codes used here). Criteria under the “community concerns” 
objectives were developed through a public involvement process (see Section 2.3).
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Figure 4.3: H ierarchy of objectives for the Ovando Mountain Unit of the BCWMA.
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Table 4.1: Description of AHP attributes measured and the scaling equation used for each.
Variable Code Description Units Scaling methods
HABITAT
Elk forest habitat 
im provem ent
Elk T he change in forest hab itat quality 
w ith treatm ent.
H abitat Rank 
C hange
A dd h a lf  o f  range (to 
m ake negatives 
positive) and divide by 
to tal range =  
((E lk)+2)/4
M ule deer forest habitat 
im provem ent
M ule
deer
The change in forest habitat quality  
w ith treatm ent.
H abitat Rank 
C hange
A dd h a lf  o f  range (to 
m ake negatives 
positive) and divide by 
to tal range. =  
((D eer)+7)/14
Elk and m ule deer Shrub 
Im provem ent
“ The use o f  forest p rescrip tions that 
w ill im prove shrub (and brow se) 
availability  and quality.
N one, O pen 
C anopy, 
P rescribed B um
N one=0
O pen C anopy =  0.5 
Prescribed B um  = 1
G rizzly  habitat quality G rizzly
bears
H abitat quality  as m easured  by 
berry availab ility  (percen t cover)
Percent (P ercen t)/100
N on-gam e habitat value N on­
game
R elative volum e o f  coarse w oody 
debris
A verage cubic 
feet per stand
1 -  (volum e/m axim um  
volum e)
HEALTH
M ountain pine beetle risk 
rating
M PB FV S-generated M PB  risk-rating  
under curren t conditions
R ating 1-10 
(w here 10 is high 
risk)
(R ating)/ 10
W hite p ine b lister rust BR W hite p ine b lister rust categorical 
risk rating.
H igh, m edium , 
low
Low  =  0, 
M edium  = 0.5, 
H igh =  1
C row n fire risk Fire FV S-generated crow n index 
(m i/hr)
M iles per hour 1 -  (C l/M axim um  C l)
COST
H arvesting  difficulty Slope A verage slope o f  stand Percent slope S lope>40%  =  0 
S lopes<40%  = 1
Road construction needs Road D istance from  existing  roads to 
edge (m)
M eters 1 -
(d istance/M axim um )
Acres o f  prescribed  fire B um A cres o f  prescribed  fire planned A cres 1 -  (A cres/M axim um )
A cres o f  hand crew  w ork Hand A cres o f  handw ork/slashing 
prescribed
A cres 1 -  (A cres/M axim um )
REVENUE
Potential for cooperation C oop C ategorical - potential for 
cooperation  w ith neighbors
H igh, M edium , 
Low
High = 1 , M edium  = 
0 .5, L ow  =  0
Potential fo r grants G rants C ategorical -  potential fo r grant 
funding
H igh, M edium , 
Low
H igh =1, M edium  = 
0.5, Low  = 0
C om m ercial tim ber 
harvested
T im ber M illion board  feet com m ercial 
tim ber to  be harvested  w ith 
prescribed  treatm ent
M M BF M M B F/M axim um
COMMUNITY
Potential for education Ed C ategorical - potential for 
educational o r dem onstration
H igh, M edium , 
Low
High =1, M edium  = 
0 .5 , L ow  = 0
C om m ercial tim ber 
harvested
Tim ber M illion board  feet com m ercial 
tim ber to  be harvested w ith 
prescribed  treatm ent
M M BF M M B F/M axim um
Potential for cooperation Coop C ategorical - potential for 
cooperation  w ith neighbors
H igh, M edium  
Low
High =1, M edium  = 
0.5, Low  = 0
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Step 2: Pair-wise comparisons and weighting
Next, a pair-wise comparison was made between each objective or criterion in each level
of the hierarchy in Figure 4.3. This defined the relative values or weights, demonstrating how
the level of importance differs for each objective. For the example, pair-wise comparison
questions were posed in an interview with FWP Area Biologist (decision-maker). Questions
followed a consistent pattern for each pair in the hierarchy, such as: “How much more important 
is habitat improvement than reducing threats to forest health in prioritizing stand treatments?”
The manager gave his preference using a verbal scale of relative importance ranging from
equally important to strongly important. This was converted to a numeric value, as shown in 
Table 4.2 (Saaty 2000).
Table 4.2: A H r pair-wise co 
Verbal Comparison
11 \ i t \ l  1SU11 s v a i v ,  * v ‘
Numerical rating of 
relative importance
Equal importance 1
Moderate importance 3
Strong importance 5
Very strong importance 7
Extreme importance 9
These numerical comparison values populated a matrix of pair-wise comparisons in a 
reciprocal fashion (a* -  1/ a* where ay is the relative importance of criteria « compared to catena 
j), meaning that comparisons are made only in a single direction, for example you can assume 
that if habitat compared to community concerns is a 9 rating, then community concerns 
compared to habitat is a l/9,h rating.. This matrix was transformed into a vector of weights for 
each objective using the Eigen value computation or geometric means. In this example, 
geometric means were used and then normalized to sum to one (divided by the sum of all
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means). See Table 4.3 for an example using the “objectives” level o f the hierarchy. This was 
repeated for each branch at every level.
Table 4.3: The matrix o f pair-wise comparisons, calculations of hte geometric means and
normauzauu ll iu uei
Habitat Health Stewardship Community Geometric mean= Wj Wi
Habitat 1 9 9 7 (1 *9*9*7)'"= 4.88 0.70
Health 1/9 1 5 5 (1/9*1*5*5)," =
1.29 0.19
Stewardship 1/9 1/5 1 1 (T /9* l/5* l* l)lM= 0.44 0.06
Community 1/7 1/5 1 1 (1/7* 1/5*1* l ) ,/4= 0.41 0.06
=6.9 =1
As shown, the weight for the Wildlife Habitat objective was 0.70 and the weight for the 
Forest Health objective was 0.19, which means that wildlife habitat improvement will have more 
influence on determining which stands should receive a higher priority for treatment.
Step 3: Identifying, measuring, and scaling attributes
Lastly, each alternative must be identified and its performance must be measured in 
relation to the criteria. First, it was necessary to identify the alternatives, which in this example 
were the forest stands. Next the performance measure for each criterion to be applied to each 
alternative was identified. These “performance measures” were called attributes o f the 
alternative. In AHP, multiple kinds and sources o f data, as well as multiple measurement units, 
can be included in these attributes. In this way AHP is a useful tool because the manager can 
accommodate variables that have differing levels o f confidence and exactness.
For example, under the forest health objective, one criterion was to reduce the risk o f 
catastrophic wildfire. There were several ways to measure the performance o f each alternative in 
relation to this criterion, including: fuel loadings, predicted fire behavior, and stand density. In 
this example, inventory data in Forest Vegetation Simulator (FVS) (US Forest Service) 
generated a crown index value that measures the wind speed index needed for severe wildfire to
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move from tree crown to crown in the forest. This value was scientific and model-based and can
be compared to the same measurement on any forest.
Qualitative models which create relative values that only apply to the project site can be 
used as well. For example, the elk and mule deer forest habitat criteria were measured by 
models created from data collected on site. The models rank elk and mule deer habitat quality 
based on frequency o f use (as measured by pellet density) and availability o f habitat type, for 
categories based on basal area/acre o f a stand. For elk, the rank developed from the histogram 
analysis was also multiplied by a probability function based on elevation, which was shown to 
significantly influence elk distribution. The attribute was then defined as the difference in rank 
prior to treatments and after treatments. For example, Figure 4.4 shows the rankings used for 
mule deer. The histogram plots the frequency o f use over availability for seven basal area 
categories. Positive values (rankings 1, 2, and 3) show that mule deer are selecting for these 
habitats because use is greater than availability, and negative values (rankings 4, 5, 6, and 7) 
show that mule deer are selecting against these habitats. To further illustrate the example, we 
take a stand with a basal area o f 200 feet square/acre, and prescribe a treatment that will reduce 
the basal area to 30 square feet /acre on average. For mule deer, the treatment moves from a 
rank 1 to a rank 4; therefore, the final forest habitat quality improvement measure is -3. 
Negative forest habitat quality improvement values were not uncommon for mule deer, which 
were observed to select more heavily for timbered stands.
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Figure 4.4: M ule deer habitat use plotted by basal area and habitat quality rankings.
Other criteria cannot be so easily quantified, but AHP can also accom m odate qualitative 
attributes. For example, both mule deer and elk would benefit greatly from prescriptions that 
improve shrub quality because these anim als, especially M ule deer, utilize shrubs for winter 
browse. The forest habitat quality ranking above cannot account for shrub improvement 
treatm ents, such as prescribed bum s, that m ay not change the forest stand overstory basal area. 
There was no exact m ethod for m easuring the amount o f  shrub im provem ent that should be 
expected, so a categorical m easure was used. Stands which would have a prescribed bum  to 
enhance shrubs received a rating o f  “high”, those in which the treatm ent w ould open the canopy 
and enhance shrub growth received a “m edium ”, and the rest were categorized as “none.”
Other categorical variables that were more subjective in nature were also included in the 
analysis. Opportunity for cooperation, which falls underneath the Forest Stewardship objective 
in the example, is a  qualitative criterion. M anager judgm ent and discussions w ith neighboring 
landowners determ ined which stands had potential for cooperative projects with adjacent
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landowners. These stands received a “high” ranking, while all others received a “low.” This 
means stands that have cooperative potential are prioritized for treatment.
Finally, once all attributes were determined, in order for multiple kinds o f data and 
multiple units to be comparable we must scale attribute values to a unit-less metric between zero 
and one. Therefore, the user must define a scaling method for each attribute. A common 
method, termed scoring, divides all values by the maximum or ideal condition for that attribute. 
This process assumes linear preferences for each attribute and assumes that high values are 
preferred, a reasonable assumption for many attributes in our example. Where high values do 
not indicate a high priority, it is necessary to invert the scores (subtract them from 1) to represent 
the direction o f importance for the variable. For example, in the crown index measure o f fire 
risk, a low value represents higher risk, indicating a slower wind speed will carry a crown fire 
through the stand. Therefore, this value is inverted to make high AHP scores represent high risk 
and thereby represent a higher priority for treatment. Table 4.1 (above) summarizes all the 
various attributes used to perform the AHP analysis for the example and the scaling process 
used.
For illustrative purposes, five stands are chosen as a sample o f the 68 total stands in the 
project including: stand 3, 16, 42, 45, and 62. A brief description o f these stands and proposed 
treatments is shown in Table 4.4. These stands were chosen because they represent a range of 
forest types and all are planned to receive active treatments. Tables 4.5 and 4.6 show the 
attribute values for five o f  the 68 stands before and after scaling. .
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Step 4: Ranking alternatives
These weight and attribute performance values are multiplied and summed across the 
hierarchy, resulting in a final relative value that allows a manager to rank alternatives, in our 
example stands to be treated (Saaty 2000). The AHP value for each alternative is calculated by 
the following equation:
• Vi = AHP value for alternative 1
• Wj = the weight for the highest level o f the hierarchy for the ith branch (of four
branches).
• Wj = the weight for the jth  sub-objective or criteria.
• aj = the attribute value for alternative one for the jth  criteria.
Finally, the stands are ranked according to these scores, with the highest value receiving a 
rank o f 1.
4.2.3 Com m unity  involvem ent
In AHP, stakeholder preferences and participation can be directly used in both the 
structuring o f the problem (development o f the hierarchy) and the valuing o f the objectives (pair­
wise comparisons o f objectives to determine weights for each). The AHP process tends to be 
easily understood and most people find it natural rather than alienating (Saaty 2000). Also, the 
hierarchical framework allows the decision-maker to easily communicate how criteria were 
developed (Ananda and Herath 2003).
For the example, it was desirable to incorporate the concerns o f the community and 
neighboring landowners to help managers fulfill a cooperative agreement. Therefore, a public 
participation process framed around AHP was used to incorporate these values. Public 
involvement consisted o f several in-depth interviews. The interviewees represented the wide
, where:
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range o f interest groups in the valley, including: wildlife conservationists, foresters, “new­
comers”, agency personnel, conservation NGOs, hunters and trappers, ranchers, and policy­
makers. During the interviews the interviewee was asked to discuss any objectives that should 
be added to the hierarchy, to use a topographical map to further articulate these objectives and 
values, and finally to rank the objectives, including those discussed in the interview and those 
pre-defined by project managers, in order o f relative importance. The additional comments were 
used to revise the AHP hierarchy. Those concerns which could be used to prioritize stands were 
included in the “community concerns” branch o f the hierarchy. These included: educational 
value, benefits to the local economy, and opportunities for cooperation. Aggregating these 
discussions with the rankings provided in each interview formed the basis for completing patr- 
wise comparisons to provide weights to each branch o f the hierarchy.
4.3 Results and Discussion 
4.3.1 AHP output and usefulness
The final AHP calculation provides a relative value that demonstrates the ability o f an 
alternative to meet the defined objectives and criteria. In addition, these relative values can be 
used to rank the alternatives and set priorities. An example o f the final output o f the AHP is 
shown in Table 4.7 which ranks five o f the stands from the example problem for both the 
manager-defined and community-defined process.
Table 4.7: AHP values and rankings for fives selected stands. _
Stand
16
42
45
62
Manager-de 
A H P Score 
038  
0.42 
049  
053 
0.72
ined weights 
Ranking
C om m unity-defined weights 
AH P Score Ranking
0.29 
0.28 
0.36 
0.37 
0.45
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As shown by this sampling o f  alternatives, differences between alternatives are easily 
distinguished in the AHP scores, and m anagers can see how much more valuable one alternative 
is by comparing the relative scores provided. Those alternatives with less ability to meet 
objectives are harder to differentiate, as m any resulted in near-zero values. This should not 
impact planning, however, because these alternatives will not be likely to reach implementation. 
In addition, the manager-defined AHP scores cannot be compared to the com m unity-defined 
scores, though ranks can be compared. Relative difference between scores can be com pared (for 
example, there is a  large difference between rank 5 and 1, but a  small difference between ranks 2 
and 3). Ranks provide a clear view  o f  priorities and in this exam ple Alternative 3 (stand 42) is 
the top priority. Overall, the output o f  AHP will be very useful to m anagers in determining
priorities for forest plan implementation.
In addition, AHP proved to be a good process for incorporating m ulti-disciplinary models
and data sources. This is a necessity where forests are m anaged for m ultiple uses and benefits,
such as wildlife habitat, fire prevention, tim ber value, and recreation. As shown by the example,
the input data can take m any forms and several o f  these can come from forest planning models
(e.g. FVS) or wildlife habitat models. AHP also allows m anagers to m ove beyond scientific
forest planning software to include other values and objectives, like the com m unity concerns
shown in this example.
4.3.2 The influence of hierarchy structure and weighting
The structure o f  the AHP hierarchy and the weights used changes the outcom e o f  the 
process. As shown in Table 4.8, the comm unity weights do differ from the m anager-defined 
weights in several areas o f  the hierarchy. In general, the m agnitude o f  these weights is similar, 
but the example shows that the weights had a great deal o f  influence on the ranking outcom e
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(See Table 4.7 above). It seems that the fundamental influence on the differing outcomes is the 
heavy weight that managers (FWP) must place on habitat improvement, due to agency mandates. 
In addition, the community ranked economic benefits from timber production much higher 
influencing their ranking. For example, Stand 16 ranks 5th for the agency, but 2nd for the 
community, likely because this stand prescription has a high commercial timber volume.
Table 4.8: Weights developed from manager interview compared to those derived from
ln i iy  H H C i» ren a .
OBJECTIVES
FWP
Weight
Community 
Weight 
0 S8H ab ita t Im provem ent 
- Elk 0.42 0.41
Mule Deer 0.42 0.14
Grizzlv Bear 0.11 0.31
Non-game 0.05 0.14
F orest H ealth 0.19 0.23
Insect/ Disease 0.17 
0 83
0.83
0.17Fire
F orest S tew ardship 0.06 0.04
Cost 0.75 0.84
Revenue 0.25 0.17
Coop 0.28 0.44
Grants 0.65 0.09
Timber 0.07 0.44
C om m unity  C oncerns 0.06 0.15
Education - 0.29
Economics/Timber - 0.66
Cooperation - 0.06
One limitation o f these community weights is that few interviews were conducted. In 
addition, the pair-wise comparisons were not directly completed by the participants and they are 
perhaps neutralized (made more moderate, rather than extreme) by the aggregation process used 
However, research has shown that using AHP with stakeholders can be a tedious and time- 
consuming process compared to other “high-tech” values weighting methods (Marttunene and 
Hamalainene 1995), and the given method provided a less cumbersome approach than asking 
each person to respond to pair-wise comparison questions. The process here seemed to work
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well because the community members did not have major deviations in their overall objectives 
and rankings, despite coming from different backgrounds. The approach would be much more 
difficult given a higher level o f contention among stakeholders.
4.3.3 Management implications
Some difficulties found in the example can provide insight into how best to implement AHP 
in forest planning. First, even though the hierarchy, problem structure and pair-wise 
comparisons are fairly intuitive, the mathematical processes may be difficult to explain when 
many objectives are involved and it may appear to stakeholders as a “black-box” planning 
approach. In addition, identifying and measuring the appropriate attributes for each objective 
may be easier said than done. Because AHP can provide for the use o f limited data sets and 
models, the use o f categorical variables, and use o f manager preferences, it has limited accuracy 
and application and there is no way to measure and report accuracy and error. Also, it can be 
difficult to identify scaling and scoring methods for each attribute, especially for those with non­
linear trends. This can be accommodated but increases the level o f difficulty, which may also 
decrease the manager’s ability to appear open and transparent to the public. Therefore, it is 
recommended that managers carefully choose attributes and objectives which are easily
measured, scored, and explained to the public.
In addition, AHP provides a few challenges for incorporating stakeholder values and 
concerns. Primarily, if  stakeholders provide information about the relative importance o f each 
objective or criteria that contradict how the manager assigned relative importance, the manager 
must decide how to integrate these values. Some practitioners have used a process to unequally 
weight the importance o f different stakeholders inputs (Ananda and Herath 2003, Kuntz and 
Hoag 2005), but it is important to note that weighting o f the decisions made by managers or
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certain stakeholders over those made by other stakeholders may indicate a  “top-dow n” ideology 
and alienate participants. This is often how natural resource m anagement decisions m ust be 
made due to political processes, however (Ananda and Herath 2003). A review  o f  comm unity 
values assessm ent methods and conflict resolution theory m ay provide options for using AH P for 
stakeholder involvement in a more appealing way. For example, the conflict resolution 
discipline depends on basing discussion and negotiation on interests rather than positions (Fisher 
and Ury 1991). For complicated planning processes like the one shown here, traditionally the 
manager would use subjective judgm ent to determ ine an appropriate alternative — if  the 
stakeholders disagree there is little room to discuss the m anager’s position. However, the use o f  
AHP and the problem structure can break the problem  down into the interests (the underlying 
goals, objectives, and criteria) and the stakeholders can discuss the specific issues o f  contention.
W ith these difficulties carefully considered, AH P is a very useful tool for those managing 
multiple-objective planning, especially for identifying priorities given a range o f  alternatives.
This is because AHP:
• allows for incorporating m ultiple interests and objectives;
• accom modates m ultiple kinds o f  data, ranging from qualitative scientific m odels to 
quantitative values-based data;
• allows for stakeholder involvement and facilitates com m unication about values and 
the relative importance o f  objectives; and
• provides quantitative relative scores for alternatives that allow the m anager to rank 
alternatives.
In this way, AHP enables efficient use o f  resources for difficult and complex forest planning 
problem s and provides a tool for m anagers to analyze and com m unicate a preferential decision.
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This is vital given the complex and contentious decisions natural resource managers are facing
today.
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5 FOREST HABITAT IMPROVEMENT ON THE BLACKFOOT- 
CLEARWATER WILDLIFE MANAGEMENT AREA: A CASE 
STUDY IN FOREST STEWARDSHIP PLANNING
Abstract
The forests o f  western M ontana were historically characterized by m ixed-severity fire 
regimes, which have been m ostly absent due to fire suppression policies o f  the 20th century. This 
has changed stand structure and forest composition, resulting in a  high risk o f  wildfire, lost o f 
heterogeneity in forest types, and loss o f  valuable wildlife habitat. As a result forest stewardship, 
or holistic forest m anagement, has been used widely by forest m anagem ent agencies to improve 
forest health. This case study shows how one agency, M ontana Fish, W ildlife, and Parks, could 
develop a forest stewardship planning protocol to improve wildlife habitat conditions on their 
forest properties. The planning process includes a  forest inventory, developm ent o f  forest 
restoration and habitat im provem ent prescriptions, and ranking potential projects according to 
m ultiple objectives using the Analytical Hierarchy Process. I f  used appropriately, this planning 
tool could greatly improve the conditions o f  fire-dependent forests in western M ontana by 
optim izing use o f  available funding on the forest stands m ost in need o f  stewardship and 
restoration.
5.1 Introduction
The forests o f  W estern M ontana were historically shaped by natural fire regimes. Low- 
elevation forest types experienced a high-frequency, low-intensity fire regim e which maintained 
open, park-like forests and grasslands, while a m ixed-severity regim e characterized the upper 
elevations, m aintaining a mosaic o f  age, com position, and structure (Am o and Fiedler 2005). 
However, one hundred years o f  active fire suppression policies have dram atically changed
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landscape conditions with the following implications: increased risk o f  stand-replacing, 
catastrophic wildfire, loss o f  ecological diversity and landscape heterogeneity, and reduced 
wildlife habitat quality for many species dependent on periodic disturbances (Gibbs et. al. 2004, 
Am o and Fiedler 2005, Dodson et. al. 2007). Forest land m anagers throughout the region are 
working proactively to restore or mimic natural fire regim es in order to improve forest health and 
increase wildlife habitat, and decision-m akers need tools to efficiently prioritize these restoration 
projects.
M ontana Fish, W ildlife and Parks (FW P), m anages 135,000 acres o f  forest land in 
wildlife m anagement areas and state parks as part o f  their m ission to protect endangered habitats. 
However, FW P m anagement has been focused on m anagem ent o f  w ildlife, grasslands and 
riparian habitats, and hunting opportunities. Unfortunately, the lack o f  m anagem ent o f  the 
forests, combined with fire suppression, has resulted in a  degradation o f  valuable habitat. 
Therefore, there is a  need to develop an agency-wide protocol for im plem entation o f  forest 
stewardship, habitat improvement and restoration o f  historic forest conditions. In recognition o f  
this need, the M ontana Legislature has recently unanim ously approved a m echanism  providing a 
mandate to “address fire mitigation, pine beetle infestation, and w ildlife habitat enhancem ent 
giving priority to forested lands in excess o f  50 contiguous acres in .. .any area under the 
department's jurisdiction.” (House Bill 42, Section 2 (9)(a)(iv)). The bill also provides a  “forest 
management account” that will allow FW P to deposit forest m anagement revenue for use in 
implem entation o f  additional forest m anagem ent projects within its jurisdiction (HB 42, Section 
4). This bill is slated to take effect July 1, 2009 (refer to Appendix H for the full text o f  this bill). 
This new mandate will require that FW P develop forest m anagement plans and design forestry 
projects for implem entation, however, there is no example o f  this type o f  work within the agency
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to use as a  guide. The following case study is a pilot project for developing this type o f  planning 
protocol for FWP. The planning protocol m ust enable an agency that has no forestry specialists 
to determine how to efficiently choose forest habitat improvement projects when opportunities 
for funding (such as grants from wildlife organizations or forest m anagem ent funds) are 
available. This is a  situation that many state or local land-m anagem ent agencies across the 
United States likely face.
In 2008 and 2009, a  forest stewardship plan was developed for the 4,000-acre Ovando 
M ountain unit o f  the Blackfoot-Clearwater W ildlife M anagem ent Area (W M A) located in 
Powell County, M ontana. The Plan includes forest stand prescriptions and a ranked list o f  
priorities to help managers schedule projects. Importantly, this will also serve as a pilot project 
for future forest stewardship throughout FW P’s forestland ownership and the project can also 
inform restoration and stewardship planning on land owned by other agencies.
5.1.1 Project setting
The Ovando M ountain Unit o f  the Blackfoot-Clearwater W ildlife M anagem ent Area 
(BCW M A, the Project Area) is owned and m anaged by FW P to provide habitat that might 
otherwise be at risk for degradation. This W M A has historically been m anaged for elk and deer 
winter range, but because o f  the diversity o f  vegetation types present, FW P seeks to restore and 
m aintain high quality habitat for a  w ide range o f  native species. The Ovando M ountain site has 
historically been, and continues to be, excellent habitat for many species o f  concern. This is 
largely due to the proxim ity and connectivity to undeveloped wilderness areas. In addition, the 
project area is currently undisturbed and roadless, m aking it a m uch-needed refuge for sensitive 
species such as elk and grizzly bears. However, it is at high rist for catastrophic wildfire and 
insect infestation, which could result in a m ore hom ogenous landscape w ith decreased habitat
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value for the species o f concerns. In addition, there is potential for spread o f fire or insects to 
neighboring lands.
The 4,000-acre forested site is located five miles north-east o f the town o f Ovando, in the 
Blackfoot Valley o f western Montana about 50 miles northeast o f Missoula, Montana (Figure 
5.1). The Project Area ranges from 5,000 to 7,500 feet above sea level. This broad range o f 
elevation provides a diversity o f forest types, including: ponderosa pine {Pinus 
ponderosa)/western larch (Larix occidentalis) forests in low elevations, Douglas-fir 
(Pseudotsuga menziesii var. glauca) forests and lodgepole pine {Pinus contorta) forests in 
middle elevations, and whitebark pine {Pinus albicus)/subalpine fir {Abies lasiocarpa) forests in 
high elevations. Shrublands cover southern aspects on middle elevations and grasslands cover 
high-elevation ridges. There is also a 50-acre aspen {Populous tremuloides) stand on the project 
area, a rare and important feature for upland game bird and ungulate habitat.
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Figure 5.1: A map of the Project Area location and regional geography.
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The m ost recent wildfire burned the majority o f  the Project A rea in the 1930s, opening up 
shrub fields and grasslands on the southern face o f  Ovando M ountain and regenerating lodgepole 
pine and Douglas-fir stands. The property was deeded to FW P in 1957 as part o f  a  land 
exchange. Since then, FW P has done very little land management, collected little vegetation 
data or non-game wildlife data, and used the area primarily for its value as a hunting area. It is 
the center-piece o f  a  Block M anagem ent Area that receives the highest public-access hunting o f  
any in the state, bringing in 2,300 hunter-days in 2008. Therefore, elk and m ule deer are a 
prim ary focus for m anagement o f  this property. Due to the lack o f  fire over the past 80 years, 
the forests are dom inated by dense stands o f  young D ouglas-fir and are therefore at risk for 
wildfire and disease. The local comm unity has continued to use the property for recreational 
activities such as hunting, hiking, horseback riding, and snowmobiling.
Today, the Project Area is part o f  the Blackfoot Com m unity Conservation Area (BCCA) 
(see Figure 5.1 and 5.2), a 41,000-acre area composed o f  private, US Forest Service, state, and 
comm unity-owned lands m anaged collaboratively as a “m ultiple-use, working landscape that 
implem ents sustainable land m anagem ent and stewardship p ractices...for the long-term  benefit 
o f  the Blackfoot com m unity” (BCCA Council 2007). A M emorandum  o f  Understanding (M OU) 
provides the legal fram ework for collaborative land m anagem ent decision-m aking among 
m em bers o f  the BCCA.
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Figure 5.2: Blackfoot Community Conservation Area (BCCA) land ownership including 
Montana Department of Natural Resource (DNRC), the Lolo National Forest, Montana 
Fish, Wildlife and Parks (FWP), and The Nature Conservancy (TNC) (provided by the 
Blackfoot Challenge).
The current surrounding land-owners, in particular the US Forest Service (USFS), the 
M ontana Departm ent o f  Natural Resources and Conservation (DNRC), and the Com m unity 
Forest (BCCA Core), are actively managing and restoring their forest lands. Each o f  these 
entities has personnel or volunteers dedicated to forest m anagement. They have forest 
inventories at various levels o f  sampling intensity, and have or are currently developing forest
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plans. For these managers, however, timber management has decreased in recent years due to 
decreased timber availability, forest health concerns, and public desire for multiple-use 
management. Similarly, the forestry-based economy o f the region has declined since the 1980s 
and many local sawmills have closed. Only one large mill still operates within 50 miles o f the 
BCCA.
The USFS lands to the north o f the Project Area have experienced large-scale, severe 
wildfires over the past 20 years and several clear-cuts have occurred near the Project Area 
boundary. The northwest portion o f USFS ownership is designated as grizzly bear habitat, 
providing an undisturbed corridor to the wilderness areas located to the north. The DNRC lands 
are a smaller portion o f the BCCA and have had relatively small management units ranging from 
clear-cuts to forest thinning. In contrast, the BCCA Core, now owned and managed by the 
community, was formerly private timber land and had been heavily harvested before transferring 
to community ownership. Their management focus is restoration o f riparian areas and ponderosa 
pine park-land. Due to this history o f  intense land management, all o f the adjacent properties are 
heavily covered with roads. In contrast, the Project Area provides 4,000 acres o f unmanaged, 
non-roaded forest habitat in the center o f the BCCA. Cooperative landscape management with 
BCCA land-owners has been limited, however, because no forest inventory data has been 
available and no plan has been in place for the Project Area.
5.1.2 Objectives
The main objective o f the project was to provide FWP with a prescriptive, management- 
oriented forest stewardship plan to guide a series o f habitat improvement and restoration projects 
throughout the Ovando Mountain Unit o f the WMA. For the purposes o f this project, forest 
stewardship is defined as a holistic approach to forest management. It is also a mechanism for
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fully utilizing revenue generated by commercial forest restoration treatm ents to fund other 
restoration projects on site that do not generate revenue, such as prescribed bum s. Forest 
stewardship is often used to contract with local forestry businesses, but for this project no plans 
or directions for these contracting details were addressed.
The project setting provided an opportunity to create a  unique planning process. First, 
the plan was designed for use by a wildlife agency, rather than forestery agency, m eaning there is 
m uch greater emphasis placed habitat and non-tim ber objectives. In addition, there were no 
scheduled funding sources for forest stewardship, so the plan had to operate well given 
opportunistic and unknown funding options. Finally, the land-ownership context o f  this project 
allows opportunities for cross-boundary landscape m anagement and cooperation that need to be 
incorporated into the plan framework. Given these special requirem ents, the planning process 
included an inventory o f  current vegetative condition and proposes a range o f  forestry 
prescriptions that would: (1) improve wildlife habitat, especially for elk and m ule deer, (2) return 
the site to the historical range o f  vegetative condition and restore the native fire regime, and (3) 
provide FW P with a pilot study o f  forest stewardship projects, which can advance on-site 
restoration efforts and support the local economy through tim ber m anagement. Finally, the plan 
provides the forest m anager a ranked list o f  stands identifying priorities for restoration treatm ents 
so that as funding or cooperative opportunities become available, FW P managers are ready to 
make efficient decisions. The objective o f  this paper is describe the process used to generate 
such a plan and provide resulting recom m endations and insight to other forest land managers.
5.2 Methods
The forest stewardship planning process included three m ajor components. First, a  forest 
stand delineation and inventory was completed. Next, prescriptions were developed for the
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various forest types and individual stands based on the best available forest restoration and 
wildlife habitat literature. Finally, the stands were prioritized for restoration treatments based on 
several project objectives, including: wildlife habitat, forest health, forest stewardship, and 
community concerns. Local community members were consulted during the process.
5.2.1 Forest Inventory
The forest stands were delineated by the US Forest Service using ArcGIS tools, aerial 
photographs, and soils data. Sixty-eight stands were identified and are shown in Figure 5.3. A 
forest inventory was conducted in the summer o f 2008. The inventory implemented a systematic 
random sample, stratified by forest type. Weather and time constraints reduced the number o f 
plots completed, resulting in a total o f 130 plots, with 0-4 plots per stand (see Figure 5.3). At 
each plot, site data (such as slope and aspect), tree data (tree species, diameter, height, etc.), 
understory vegetation data (shrubs, forbs and grasses), and elk and mule deer use data (measured 
by pellets and browsing evidence on vegetation) were recorded.
Figure 5.3: Forest Stand Delineation, Forest Types, and Inventory Plots.
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5.2.2 Prescription development
This information was used to design forestry prescriptions, which were based on the best 
available literature on habitat restoration (e.g. A m o and Fiedler 2005, Tom back et. al. 2001). 
Table 5.1 shows the general prescriptions by forest type and Figure 5.3 shows the location o f  the 
various forest types across the Project Area. The Douglas-fir forest type tends to be in the 
transition areas from high elevation and low elevation, therefore there are a  variety o f  “sub- 
types” listed here, including: m esic-north-facing slopes, Douglas-fir shrublands, Douglas-fir 
grasslands with large old-growth trees, and Douglas-fir m ixed with subalpine forest. Next, these 
general treatm ents were prescribed to individual stands, constrained at tim es by access, slopes, 
and condition o f  each o f  the 68 stands (see Table B.3 in Appendix B).
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5.2.3 Ranking stands for treatment
Finally, the stands were analyzed for their ability to meet project objectives and a ranked list 
o f  priority stands was included in the plan. The following section describes the prioritization 
method, the Analytical Hierarchy Process (AHP) (Saaty 2000), in more detail. AHP is widely 
applied to rank or prioritize pre-defined m anagem ent alternatives. It was first applied to 
compare forest m anagement alternatives according to three m anagement goals: maximize 
economic return, maximize wildlife habitat, and m aximize recreation opportunity (M endoza and 
Sprouse 1989). Since then it has been used to rank various forms o f  inventory and monitoring 
protocols in the National Parks (Schmoldt et. al. 1994, Peterson et. al. 1994), schedule forest 
road maintenance (Coulter et. al. 2006) and incorporate stakeholder preferences to rank social, 
economic, and ecological objectives for a  regional forest plan (Ananda and Herath 2003), among 
other applications.
AHP was determined to be a useful m ulti-criteria decision-m aking tool for this project 
because it could provide a ranked list o f  projects for efficient implem entation. AHP follows 
several basic steps: (1) structuring the problem, (2) m aking pair-w ise com parisons and 
calculating weights, (3) evaluating alternatives, and (4) ranking alternatives. The following 
section briefly describes how AHP was applied to this case, how the public can be involved in 
the process, and how m ultiple models and data sources can be incorporated into the AHP 
framework. (For more com plete discussion o f  how AHP is applied to this particular case, refer to 
Chapters 3 and 4).
The first step in AHP is to structure the problem  by creating a hierarchy o f  objectives.
For the Project this hierarchy was developed by consulting the FW P m anager, university faculty 
experts, and community members. The following figure shows the final hierarchy.
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Figure 5.4: Hierarchy of Objectives for the Ovando Mountain Unit o f the BCWMA.
W eights, signifying relative importance, were provided for each branch o f  the hierarchy 
following AHP methods (Saaty 2000). During an interview process in December o f  2008, the 
decision-m aker (FW P Area Biologist) was presented with pair-wise com parisons o f  the various 
objectives at each level o f  the hierarchy to determine the relative im portance o f  each. For 
example, I asked “H ow  much more im portant is habitat improvement than reducing threats to 
forest health in prioritizing stand treatm ents?” The m anager responded using a verbal scale o f  
relative importance, ranging from equally im portant to extrem ely important. This was converted 
to a numerical rating, as shown in Table 5.2.
Table 5.2: AHP pair-wise comparison scale, verbal and numeric (modified from Saaty 
2000). _____
Verbal Comparison Numerical
rating/intensity
Equal importance 1
M oderate importance 3
Strong importance 5
Very strong importance 7
Extreme importance 9
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These numerical rankings created a matrix o f pair-wise comparisons for each level or 
branch o f the hierarchy. These comparisons populate the matrix in a reciprocal fashion, meaning 
that comparisons only have to be made in a single direction. The values in the matrix were 
transformed into a vector o f weights for each objective. See Table 5.3 for an example.
Table 5.3: The matrix of pair-wise comparisons, calculation of the geometric means and 
normalization to derive weights. _______ ____________ _______________________ _
Habitat Health Stewardship Community Geometric mean= Wi
Habitat 1 9 9 7 (l*9*9*7)1/4= 4.88 0.699
Health 1/9 1 5 5 (l/9* l*5*5)1/4= 1.29 0.185
Stewardship 1/9 1/5 1 1 (1/9*1/5*1*1)i/4=0.447 0.064
Community 1/7 1/5 1 1 (1/7* 1/5*1* 1 ) i/4=0.441 0.059
= 6.97 =1
Table 5.4 shows the final weights developed from the manager interview and analysis. 
Table 5.4: Weights developed from manager interview.
OBJECTIVES Weight
Habitat Improvement 0.70
- Elk 0.42
Mule Deer 0.42
Grizzly Bear 0.11
- Non-game 0.05
Forest Health 0.19
- Insect/ Disease 0.17
- Fire 0.83
Forest Stewardship 0.06
Cost 0.75
- Revenue 0.25
Coop 0.28
Grants 0.65
Timber 0.07
Community Concerns 0.06
Considering community concerns
In order to incorporate the concerns o f the community and neighboring land-owners, as 
well as fulfill a commitment to the BCCA-MOU, a community involvement process was 
implemented. This process was based on existing values assessment methods (Elix and Lambert
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2007, Gutman 1982, Reynolds and Gutman 1988), as well as methods comm only used w ith AHP 
(Ananda and Herath 2003). Public involvement consisted o f  several in-depth interviews. 
Interviewees were self-selected and represented the wide range o f  interests groups in the valley, 
including: wildlife conservationists, foresters, “new-comers,” agency personnel, conservation 
NGOs, hunters/trappers, ranchers, and policy-makers. During the interviews, the participants 
were asked to identify additional objectives and comm unity concerns and rank all the objectives 
identified by relative importance. A geographical map was used to anchor the discussion in the 
Project Area.
Generally, interviewees supported the FW P project and the objectives provided by FW P 
managers (habitat improvement, protection o f  forest health, and forest stewardship). Some 
additional concerns noted by interviewees included (in order o f  frequency):
■ Economic support o f  local business/support local economy
■ Education/Demonstration
■ Cooperative work with neighbors/BCCA
■ W eed control
■ Natural views
■ Natural fire regime
■ Responsible access/minimal roads
■ W atershed protection
These comments were used to revise the AHP hierarchy. Concerns which could be used to 
prioritize stands were included in the “comm unity concerns” branch o f  the hierarchy. These 
included educational value, benefits to the local economy, and opportunities for cooperation. 
O ther concerns were not added to the hierarchy because they apply equally to every treatment.
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Next, pair-wise comparisons and weights for hierarchy branches were re-determ ined using the 
same methods shown above. The weights developed for the criteria identified in the community 
concerns branch were added to the hierarchy (educational value = 0.29, benefits to the local 
economy = 0.66, and opportunities for cooperation = 0.06).
Evaluating alternatives
For each criterion (sub-objective), some measurable attribute m ust be defined and 
measured for each stand. Table 5.5 shows all o f  the attributes for the Ovando M ountain Project. 
Clearly, these attributes can vary in type and units. This is a beneficial feature o f  AHP, in that 
several kinds o f  data can serve as inputs because all attributes are ultimately scaled to a  unitless 
value between zero and one. A comm on method, termed scoring, divides all values by the 
maximum or ideal condition for that attribute. These scaling m ethods are also shown in Table 
5.5.
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Table 5.5: Description of AHP attributes measured for each alternative and the scaling 
equation used for each. __________________________ ________________________
Variable Code Description Units Scaling methods
HABITAT
Elk Forest habitat 
im provem ent
Elk The change in forest habitat quality 
w ith treatm ent.
H abitat Rank 
Change
A dd h a lf  o f  range (to 
m ake negatives 
positive) and div ide by 
total range =  
((E lk)+2)/4
M ule D eer Forest habitat 
im provem ent
Mule
deer
T he change in forest habitat quality  
w ith treatm ent.
H abitat Rank 
C hange
A dd h a lf  o f  range (to 
m ake negatives 
positive) and div ide by 
total range. =  
((D eer)+7)/14
Elk and M ule D eer 
Shrub Im provem ent
The use o f  forestry prescriptions 
that w ill im prove shrub (and 
brow se) availability  and quality.
N one, O pen 
C anopy, 
Prescribed Bum
N one=0
O pen C anopy =  0.5 
Prescribed B um  = 1
G rizzly habitat quality G rizzly
bears
H abitat quality  as m easured by 
berry availability  (percen t cover)
Percent (P e rcen t)/100
N on-gam e habitat value N on­
gam e
R elative volum e o f  coarse w oody 
debris
A verage cubic 
feet per stand
1 -  (volum e/m axim um  
volum e)
HEALTH
M ountain Pine Beetle 
risk rating
MPB FV S-generated M PB  risk-rating 
(1-10)
Rating 1-10 (R ating)/ 10
W hite pine b lister rust BR W hite p ine b lister rust categorical 
risk rating.
H igh, m edium , 
low
Low  =  0, 
M edium  = 0.5, 
H igh =  1
C row n fire risk Fire FV S-generated C row n index 
(m i/hr)
M iles per hour 1 -  (C l/M axim um  C l)
COST
H arvesting  difficulty Slope A verage slope o f  stand Percent S lope S lope>40%  =  0 
S lopes<40%  = 1
Road construction needs Road D istance from  existing  roads to 
e d g e (m )
M eters 1 -
(distance/M axim um )
A cres o f  prescribed fire B um A cres o f  prescribed  fire planned A cres 1 -  (A cres/M axim um )
A cres o f  hand crew  work Hand A cres o f  handw ork/slashing 
prescribed
A cres 1 -  (A cres/M axim um )
REVENUE
Potential for cooperation Coop C ategorical - potential for 
cooperation  w ith neighbors
High, M edium , 
Low
High =1, M edium  = 
0.5, Low  =  0
Potential for grants G rants C ategorical -  potential fo r grant 
funding
High, M edium , 
Low
High = 1 , M edium  = 
0.5, Low  = 0
Com m ercial tim ber 
harvested
Tim ber M illion board feet com m ercial 
tim ber to  be harvested w ith 
prescribed treatm ent
M M BF M M B F/M axim um
COMMUNITY
Potential for education Ed C ategorical - potential for 
educational o r dem onstration
High, M edium , 
Low
H igh =1, M edium  = 
0.5, Low  = 0
C om m ercial tim ber 
harvested
Tim ber M illion board  feet com m ercial 
tim ber to be harvested w ith 
prescribed treatm ent
M M BF M M B F/M axim um
Potential fo r cooperation Coop C ategorical - potential for 
cooperation w ith neighbors
H igh, M edium  
Low
High = 1 , M edium  = 
0.5, L ow  =  0
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For example, under the forest health objective, one criterion was to reduce the risk o f  
catastrophic wildfire. There are several ways to measure the performance o f  each alternative in 
relation to this criterion including: fuel loadings, predicted fire behavior, and stand density. For 
this study, Forest Vegetation Simulator (FVS) (US Forest Service) generated a crown index 
value that measures the wind speed index needed for severe wildfire to move from tree crown to 
crown in the forest. This variable was then scaled to values between zero and one for each stand 
by dividing by 100 (the maximum value) and subtracting from one. In this way, a  value o f  0 
m eant low risk for fire (high wind speed required to sustain a crown fire), and a value o f  1 meant 
extreme fire risk (low wind speed required to sustain a crown fire). Therefore, the high risk 
stands were prioritized.
Other criteria cannot be so easily quantified, but AHP can also accom m odate qualitative 
attributes. For example, “Potential for Cooperation”, which falls underneath the “Forest 
Stewardship” and “Com m unity Concerns” objectives in Project hierarchy is a qualitative criteria. 
M anager judgm ent and discussions w ith neighboring landowners determined where there was 
potential for cooperative projects with adjacent landowners and these stands received a “high” 
rating, while all others received a “low.” To scale this variable, all “high” alternatives received a 
value o f  1 and “ low” received a value o f  0. This means that those stands with cooperative 
potential will be prioritized for treatment. Finally, these weight and attribute performance values 
are multiplied and summed across the hierarchy, resulting in a final relative value that allows a 
m anager to rank alternatives (Saaty 2000).
5.3 Results
The individual stand prescriptions and final AHP rankings for the top 15 stands are shown 
in Table 5.6 (See Table E .l in Appendix E for full rankings). The table also shows if  there is a
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cost incurred by a stand prescription (-), i f  the prescription generates money (+), or if  the 
prescription is cost-neutral (0). The single quaking aspen stand is ranked as the highest priority, 
followed by a list o f  fairly accessible shrub stands in which prescribed bum s are recommended. 
Next, stands with commercial value are prioritized, such as ponderosa pine and lodgepole pine 
restoration treatments. Finally, those stands in the subalpine region or without active treatment 
recommendations are ranked as the lowest priority.
Table 5.6: Top 15 Ranked Stands and the Prescriptions to be completed.
Priority
Ranking
Stand Acres Forest
Type*
Prescription Cost/
Revenue**
1 6 2 65 QA C onifer-cutting  and m onitor regeneration. -
2 51 64 Sh Hand fell and prescribed fire. -
3 36 38 Sh Prescribed fire throughout stand. -
4 4 6 40 Sh Prescribed fire throughout stand. -
5 1 21 Sh Prescribed fire throughout stand. -
6 55 43 Sh Prescribed fire throughout stand. -
7 6 3 117 PP
V ariable retention th inn ing  (20-50 sq ft residual), 
retain cover near riparian areas.
+
8 2 0 34 PP
V ariable retention th inn ing  (20-50 sq ft residual), 
retain cover near riparian areas.
+
9 33 85 Sh Prescribed fire throughout stand. -
10 2 9 56 PP
V ariable retention th inn ing  (20-50 sq ft residual), 
retain cover near riparian areas.
+
11 4 5 83 Sh Prescribed fire throughout stand. -
12 6 7 77 LP
C om m ercial harvest in patch cuts to  sim ulate 
“m osaic” and focus on beetle k illed portions and 
flat places.
+
13 2 6 32 PP
V ariable retention th inn ing  (20-50 sq ft residual), 
retain cover near riparian areas. +
14 4 0 66 Sh Prescribed fire throughout stand. -
15 41 52 Sh Prescribed fire throughout stand. -
*(Forest Types: Q A -  Q uaking aspen, Sh =  Shrublands, PP =  ponderosa pine/w estern larch, LP =  L odgepole pine) 
** C ost/R evenue” +  =  the p roject results in revenue, - =  the project has a cost.
5.4 Discussion
As this case study shows, AHP is a  useful tool for m anagers faced with this kind o f  multiple- 
objective planning, especially for those projects without scheduled funding program s. This is 
because AHP can:
113
• incorporate multiple interests and objectives, from managers, technical experts, and 
community members
• accept a wide variety o f input data, including qualitative scientific models and 
quantitative values-based data
• make use o f existing management tools from multiple disciplines, such as FVS or 
wildlife habitat models
• involve stakeholders and facilitate communication about underlying issues involved in 
decisions-making and the relative importance o f objectives, and
• provide quantitative relative scores for alternatives that are easy to compare allowing the 
manager to rank alternatives when given opportunities for funding.
In addition, AHP rankings can be paired with relative costs and revenue for the projects, 
giving managers yet another tool for forest stewardship. In this way, the top-ranked revenue- 
generating projects can be paired with the top-ranked revenue-negative projects, resulting in a 
net-zero revenue and a complete investment in restoration on the project site.
Managers should be aware o f  some potential difficulties that appeared within the case 
study, however. First, although the hierarchy and pair-wise comparisons are fairly intuitive 
(Saaty 2000, Ananda and Herath 2003), the mathematical computations may become very 
complicated to explain to stakeholders, especially for large hierarchies with many branches and 
levels. This may result in stakeholders seeing the plan as a “black box” decision by managers.
Second, data constraints and the accuracy o f criteria measures were a concern. Criteria 
measurements were the most time-intensive part o f the planning analysis because it is difficult to 
find accurate measures for some objectives unless they are initially defined with a specific 
measurement mechanism in place. In conjunction with this concern, inventory data is often
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limited, which limits the types o f  criteria m easurem ents that can be accurately completed. 
M anagers m ust consider that there is no mechanism in AHP to report scientific error or 
uncertainty. In this example, the inventory was completed prior to the full identification o f 
criteria and attributes; therefore, the data were not sufficient for the ideal types o f  wildlife 
distribution models or fully accurate data outputs from FVS. Unfortunately, there is also no way 
to measure the effect o f  these uncertainties on the output. Alternatively, this challenge o f  AHP 
can also be viewed as a benefit -  often managers will be faced with a  lack o f  sufficient or 
detailed information and still must make decisions. AHP allows m anagers to accommodate 
accurately measured or m odeled data alongside relative, qualitative, and subjective data in a 
single model.
Finally, although the literature documents several exam ples o f  comm unity involvement 
in AHP (e.g. Ananda and Herath 2003, M arttunene and Ham alainene 1995), it can be difficult to 
fully incorporate community objectives, concerns, and values with this process. In this case 
study, the comm unity created different weights and rankings than the m anager (see Chapter 4 for 
more discussion), but FW P mandates m ust fundam entally guide the planning process (for 
example, wildlife habitat had to have much greater importance than other objectives) and 
essentially trum p comm unity input in m ost categories. It may appear to the comm unity that 
their input was not used unless comm unication is clear and transparent. O ther studies have 
addressed this by weighting the different stakeholder or m anager input to give more decision­
m aking power to those stakeholders or m anagers that have the m ost political power over the 
process (Ananda and Herath 2003), but this may alienate certain stakeholders from the process. 
A problem structure that creates more space for comm unity input, or for those projects that are
115
aimed to be stakeholder driven (rather than mandate driven, as in this case study), may provide 
for a  more appealing stakeholder involvement process.
The community involvement process and use o f  AHP did benefit the outcom e o f  this case 
study in a  few ways, however. It provided a good vehicle for reaching out to the BCCA 
Community forest managers and laid the foundation for fulfilling FW P s com m itm ent to future 
cooperation in the Project Area. In addition, the hierarchy figure used for AHP and the weights 
provided by managers and the community provide a basis for discussing the fundamental 
objectives and concerns (the issues) rather than arguing over final decisions and actions (the 
positions). This satisfies the fundamental tenant o f  conflict resolution and stakeholder 
involvement -  to move beyond positions and discuss the issues to find comm on ground and 
facilitate comm unication and learning (Fisher and Ury 1991).
In conclusion, the planning process demonstrated here provides FW P managers with 
several tools for implementation. First, FW P is provided with alternatives -  these are the 
treatments prescribed for each stand. These are general and based on the best information 
available, but allow room for change and adaptation as new inform ation may become available. 
Second, the AHP process provides a fram ework which can be used by decision-m akers to 
communicate goals and objectives within the agency and to the public. The hierarchy o f 
objectives can be adjusted in the future to accom modate changing agency m andates or the 
particular situation o f  a different project area. Finally, AHP provides the m anager w ith a  ranked 
list o f  alternatives that allows them to choose the top priority project as funding becomes 
available or to pair high priority projects with costs to those w ith revenue opportunity. It is 
important that the agency views the rankings as a guide, but rem ains opportunistic and practical. 
For example, if  a grant is available for ponderosa pine restoration, then the top priority within
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that forest type can be chosen to implement, even if its overall rank is not as high as stands in 
other forest types. Overall, the AHP process facilitated communication o f Project Area goals 
and objectives, learning about the ecological needs o f Project Area forests, and a path for 
responsible and transparent land management into the future.
5.5 Management Implications
Given the challenges and benefits found in the planning process used for this Case Study, 
the following steps should be taken to ensure the most effective use o f AHP for forest
stewardship planning:
1. Keep the hierarchy simple with few objectives and few sub-objectives.
2. Use criteria that can be measured simply and accurately by existing models or tools.
3. Ensure data are collected to the level o f detail needed for all models and criteria (i.e. 
conduct forest inventory after the AHP process is designed and data needs are defined).
4. Use individual interviews to involve the public and ensure that the public is aware of 
how their input is being used to improve the plan’s credibility.
Overall, this case study and pilot project shows that a similar planning process may be very 
useful as FWP continues to develop a forest stewardship policy. A hierarchy designed carefully 
from agency mandates and stakeholder involvement could be applied state-wide to prioritize 
forest habitat improvement projects. The study shows that by carefully considering objectives, 
developing general prescriptions, and systematically ranking treatments or stands, a forest land- 
manager can create a forest plan that efficiently guides forest stewardship. The process shown 
here could also be useful for the BCCA Community forest managers and other private land­
owners who do not have a desire to create a concrete timetable for forest management, but rather 
want to make efficient use o f grants and other funding opportunities. If used broadly across
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land-owner boundaries, this planning tool could greatly improve the conditions o f fire-dependent 
forests in western Montana by optimizing use o f available grants and funding on the forest stands 
most in need o f stewardship and restoration.
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6 CONCLUSION
6.1 Discussion Not Included in Manuscripts
Several aspects o f  the study were not fully discussed in the manuscripts. In particular, 
the details and the outcom e o f  the wildlife m odeling was a critical aspect o f  the work given the 
importance o f  the wildlife objectives. Section 6.1.1 discusses the m odeling challenges and 
solutions that were used to address these challenges. Second, the comm unity involvement 
process and the values assessment methods were a key com ponent o f  this work and a discussion 
o f  some o f  the challenges, successes, and recom m endations is provided in Section 6.1.2. Lastly, 
a  brief discussion o f  how this provides a tool for implem entation is included in Section 6.1.3.
6.1.1 Wildlife modeling
As discussed in Chapter 3.4.3, species distribution m odeling was conducted to evaluate 
elk habitat use for the Ovando M ountain site. However, only elevation was found to be a 
significant predictor o f  the probability that elk would use a particular site. This is contrary to 
other studies which have shown that abiotic factors do not influence elk distribution at small 
spatial scales, like that o f  the Project Area (Boyce et. al. 2003). However, it is possible that 
elevation is serving as a  proxy for variation in forest type or vegetation because this varies with 
elevation on the mountain. For example, high elevation stands consist o f  white bark pine and 
subalpine fir with an understory o f  shrub species that are not used by elk for browse. In 
addition, the elevation prediction model did not have strong predictive pow er (AUC = 0.59, 
where 0.50 is random  chance). However, the elevation model was incorporated into the elk 
habitat quality evaluation because it does show a trend specific to this project site.
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When conducting the habitat quality analysis, and when looking at the forest habitat 
quality improvement with treatments for both elk and mule deer, some interesting results were 
found. First, the treatments, which are based on historical conditions and fire regimes, often had 
a negative effect on habitat quality for both species. Mule deer had more frequent occurrences of 
negative habitat improvement and, in fact, the average forest habitat quality improvement value 
for mule deer across all o f the stands was negative. This is a difficult problem, given that the 
Project is intended to improve habitat quality. However, there are several important pieces of
information to consider.
First, the forest habitat quality improvement measure was based only on stand basal area 
(square feet per acre) and both elk and mule deer, especially the latter, select for high density 
stands with cover. This means that any treatments that are reducing basal area, primarily the 
ponderosa pine and Douglas-fir shrub treatments were shown to create strongly negative habitat 
quality changes. This is to be expected given the ecology o f the species, but it should also be 
noted that a disproportionate amount o f dense forest cover currently exists on the landscape due 
to years o f fire suppression, especially on the Project Area, and the literature does suggest that 
heterogeneity in landscape is important (Kie et. al. 2002, Genuine et. al. 2004, Bettinger et. al. 
1999). In addition, by comparing only basal area, we may be missing some other aspect 
influencing use, such as predation risks which have been shown to influence these species. 
Finally, the conditions that will follow treatments, especially those in the ponderosa pine stands, 
are not found within the Project Area and may indeed be selected for because o f anticipated 
bunchgrass and shrub growth, based on discussions found in the literature (Metlen and Fiedler 
2006, Gibbs et. al. 2004, Dodson et. al. 2007).
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Second, the frequency measurements came from pellet counts which may artificially 
favor one forest type or another, because the animals do not leave pellets at a constant rate across 
the various habitat types they are using (Garshelis 2000). This may mean that the animals may 
not be selecting the heavy cover stands as strongly as the data shows. A more in depth study of 
habitat use using radio-telemetry could show a more accurate report o f actual habitat use and 
frequency.
Finally, the basal area habitat quality ranking does not change with some o f the 
substantial habitat improvement treatments prescribed, such as prescribed bums in shrub stands. 
Therefore, the additional shrub habitat improvement measurement was added to account for 
these treatments. The results o f this change was a positive overall habitat quality improvement 
value for both species. In addition, because o f  the high level o f importance o f shrubs for both 
species, the addition o f this single criterion moved the shrub stands and prescribed bum 
treatments to the top o f the priority ranking.
6.1.2 Com m unity involvem ent
In general, the community input provided confirmation o f FWPs goals and objectives. In 
addition, it reinforced or added several other issues for consideration in planning and 
implementation. The community did add objectives that FWP had not included (now located 
under the “community concerns” branch o f the hierarchy) and their weights do differ in several 
areas o f the hierarchy (see table 6.1). Final rankings differed between the FWP weighting and 
the Community weighting, however, most o f the differences were less than 10 ranks and many 
differed by 0 ranks. Several stands differed by more than 10 ranks, likely because the 
community emphasized timber removal and economic values more than the manager and these 
stands contained significant commercial timber volumes.
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Table 6.1: Comparison of objective weights resulting from AHP pair-wise comparisons 
for both FWP managers and the Community.
OBJECTIVES
FWP
Weight
Community
Weight
Habitat Improvement 0.70 0.58
- Elk 0.42 0.41
- Mule Deer 0.42 0.14
- Grizzly Bear 0.11 0.31
- Non-game 0.05 0.14
Forest Health 0.19 0.23
- Insect/ Disease 0.17 0.83
- Fire 0.83 0.17
Forest Stewardship 0.06 0.04
- Cost 0.75 0.84
- Revenue 0.25 0.17
Coop 0.28 0.44
Grants 0.65 0.09
Timber 0.07 0.44
Community Concerns 0.06 0.15
- Education 0.29
- Economics/Timber 0.66
- Cooperation 0.06
The methods employed allowed me to learn what the community concerns were and the 
relative importance o f these concerns. The values mapping was the most useful aspect because 
people seemed to enjoy having an object to focus on during the discussion. It was also a useful 
tool for me to focus the discussion on the FWP lands, rather than the adjacent lands, because the 
community tends to see the landscape as not having borders and different ownerships. Using 
laddering during interviews was useful for moving from mapping into general topics and for 
identifying themes from interview to interview. Overall, the themes provided by interviewees 
were fairly consistent, which made developing weights easy because most interviewees 
addressed the same issues. If there had been more opposing viewpoints this would have been a
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greater challenge and including stakeholders directly in the AHP process would have been more 
ideal.
The approach poses some interesting challenges. The first is how to reconcile the 
differences between community and m anager weighting o f  the hierarchy. Some options would 
include averaging, a  weighted average, and allowing the m anager to re-assess his weights given 
the comm unity’s input. (The latter will be completed during the review o f  this thesis). In 
addition, once information is gathered from stakeholders and participation is solicited, the 
m anager is obligated to incorporate their input in some way. For this case, the input will be 
included directly in the planning process and as recom mendations to FWP. M anagers were not 
directly involved in the process, however, resulting in a comm unication gap and perhaps less 
faith by the comm unity m em bers that their input will be used. In the future, the decision-m aker 
should be directly involved in these interviews and workshops.
Lastly, though community concerns were fairly consistent and complim entary during this 
process, interviewees were not asked to review the specific treatm ents. By focusing on the 
overall objectives and prioritization o f  projects we may have addressed the root concerns o f  the 
public, but we might also be avoiding a lot o f  the conflict that comes with individual project 
details. Therefore, I would recom mend that in future assessments the public also be involved in 
alternative developm ent and the comm unity should be provided a chance to review final 
treatments as they are implemented.
6.2 Implementation
The AHP process provides FW P managers w ith several tools for implementation. First, 
FW P is provided with alternatives -  these are the treatm ents prescribed for each stand. These are 
general and based on the best information available, but allow room for change and adaptation as
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new information may become available. Second, the AHP process provides a fram ework which 
can be used by decision-makers to communicate goals and objectives within the agency and to 
the public. The hierarchy o f  objectives can be adjusted in the future to accom modate changing 
agency mandates or the particular situation o f  a  different project area. Finally, AHP provides the 
m anager with a ranked list o f  alternatives that allows them to choose the top priority project as 
funding becomes available. It is important that the agency views the rankings as a guide, but 
remains opportunistic and practical. For example, if  a grant is available for ponderosa pine 
restoration, then the top priority within that forest type can be chosen to implement, even if  its 
overall rank is not as high as stands in other forest types. Overall, the AHP process facilitated 
communication o f  Project Area goals and objectives, learning about the ecological needs o f  
Project Area forests, and a path for responsible and transparent land m anagem ent into the future.
6.3 Summary of Management Implications
Some difficulties found in the example can provide insight into how best to implem ent AHP 
in forest planning. First, even though the hierarchy, problem structure and pair-wise 
comparisons are fairly intuitive, the mathematical processes may be difficult to explain when 
many objectives are involved and it may appear to stakeholders as a “black-box planning 
approach. In addition, identifying and m easuring the appropriate attributes for each objective 
may be easier said than done. Because AHP can provide for the use o f  limited data sets and 
models, the use o f categorical variables, and use o f  m anager preferences, it has lim ited accuracy 
and application and there is no way to measure and report accuracy and error. Also, it can be 
difficult to identify scaling and scoring methods for each attribute, especially for those with non­
linear trends. This can be accommodated but increases the level o f  difficulty, which may also 
decrease the m anager’s ability to appear open and transparent to the public. Therefore, it is
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recommended that managers carefully choose attributes and objectives which are easily
measured, scored, and explained to the public.
In addition, AHP provides a few challenges for incorporating stakeholder values and 
concerns. Primarily, i f  stakeholders provide information about the relative importance o f  each 
objective or criteria that contradict how the m anager assigned relative importance, the m anager 
must decide how to integrate these values. Some practitioners have used a process to unequally 
weight the importance o f  different stakeholders inputs (Ananda and Herath 2003, Kuntz and 
Hoag 2005), but it is important to note that weighting o f  the decisions made by m anagers or 
certain stakeholders over those made by other stakeholders may indicate a  “top-down” ideology 
and alienate participants. This is often how natural resource m anagement decisions m ust be 
made due to political processes, however (Ananda and Herath 2003). A review o f  community 
values assessment methods and conflict resolution theory may provide options for using AHP for 
stakeholder involvement in a m ore appealing way. For example, the conflict resolution 
discipline depends on basing discussion and negotiation on interests rather than positions (Fisher 
and Ury 1991). For complicated planning processes like the one shown here, traditionally the 
m anager would use subjective judgm ent to determine an appropriate alternative -  i f  the 
stakeholders disagree there is little room to discuss the m anager’s position. However, the use o f 
AHP and the problem structure can break the problem down into the interests (the underlying 
goals, objectives, and criteria) and the stakeholders can discuss the specific issues o f  contention.
Given the challenges and benefits found in the planning process used for this Case Study, the 
following steps should be taken to ensure the m ost effective use o f  AHP for forest stewardship 
planning:
■ Keep the hierarchy simple with few objectives and few sub-objectives.
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■ Use criteria that can be measured simply and accurately by existing m odels or tools.
■ Ensure data are collected to the level o f  detail needed for all m odels and criteria (i.e. 
conduct forest inventory after the AHP process is designed and data needs are defined).
■ Use individual interviews to involve the public and ensure that the public is aware o f 
how their input is being used to improve the plan’s credibility.
W ith these steps carefully considered, AHP is a  very useful tool for those m anaging multiple- 
objective planning, especially for identifying priorities given a range o f  alternatives. This is 
because AHP allows for incorporating multiple interests and objectives, accom modates multiple 
kinds o f  data, ranging from qualitative scientific m odels to quantitative values-based data, allows 
for stakeholder involvement and facilitates comm unication about values and the relative 
importance o f  objectives, and provides quantitative relative scores for alternatives that allow  the 
m anager to rank alternatives. In this way, AHP enables efficient use o f  resources for difficult 
and complex forest planning problem s and provides a tool for m anagers to analyze and 
communicate a  preferential decision. This is vital given the complex and contentious decisions
natural resource m anagers are facing today.
Overall, this case study and pilot project shows that a  sim ilar planning process may be very 
useful as FW P continues to develop a forest stewardship policy. A hierarchy designed carefully 
from agency mandates and stakeholder involvement could be applied state-wide to prioritize 
forest habitat improvement projects. The study shows that by carefully considering objectives, 
developing general prescriptions, and systematically ranking treatm ents or stands, a  forest land- 
m anager can create a forest plan that efficiently guides forest stewardship. The process shown 
here could also be useful for the BCCA Com m unity forest m anagers and other private land­
owners who do not have a desire to create a concrete tim etable for forest m anagement, but rather
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want to make efficient use o f  grants and other funding opportunities. I f  used broadly across 
land-owner boundaries, this planning tool could greatly improve the conditions o f  fire-dependent 
forests in western M ontana by optimizing use o f  available grants and funding on the forest stands 
m ost in need o f  stewardship and restoration.
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APPENDIX A: DESCRIPTIONS OF OVANDO MOUNTAIN FOREST STANDS
Figure 
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STAND 0
Priority Ranking 53
Topography Average slope: 41 % (average) 
Aspect: 195 degrees (average) 
Elevation: 5748 feet 
Stand size: 111 acres
Forest Forest Type: Douglas-fir (subalpine)
Basal area: 120 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 2 (out o f 10)
Fire Risk Crown index: 7.2 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (.Xerophyllum tenax)
• Heart-leaf Arnica {Arnica cor difolia)
• Black Huckleberry {Vacciunium membranaceum)
Invasive species None found
Coarse Woody Debris Low
Ungulate use • Elk: Not used
• Mule deer: Used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 3
3
STAND 1
Priority Ranking 5
Topography Average slope: 60 % (average) 
Aspect: 225 degrees (average) 
Elevation: 5110 feet 
Stand size: 21 acres
Forest Forest Type: Shrubland
Basal area: 20 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 5.3 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
Bluebunch wheat-grass (Agropyron spicatum)
Common browse 
species
Snowbrush Ceanothus (Ceanothus Velutinus) 
Chokecherry (Prunus virginiana)
• Serviceberry (Amelanchier Alnifolia)
• Snowberry {Symphoricarpos Albus)
Invasive species Smooth Brome, present
Coarse Woody Debris Low
Ungulate use • Elk: Not used
• Mule deer: Used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 1
4
STAND 2
Priority Ranking 32
Topography Average slope: 37 % (average) 
Aspect: 131 degrees (average) 
Elevation: 6803 feet 
Stand size: 68 acres
Forest Forest Type: Subalpine fir/whitebark pine 
Basal area: 80 feet square/acre (average)
Insect/Disease Existing: W hite pine blister rust 
M BP Risk Rating: 2 (out o f  10)
Fire Risk Crown index: 15.2 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Fool’s huckleberry (M enziesia ferruginea )
• Grouseberry ( Vaccinium scoparium)
Black huckleberry ( Vaccinium membranaceum ) 
Bear Grass (Xerophyllum  tenax)
Invasive species None found
Coarse Woody Debris High
Ungulate use • Elk: Used
• M ule deer: Not used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 3
5
STAND 3
Priority Ranking 34
Topography Average slope: 60 % (average) 
Aspect: 86 degrees (average) 
Elevation: 6906 feet 
Stand size: 79 acres
Forest Forest Type: Subalpine fir/whitebark pine 
Basal area: 110 feet square/acre (average)
Insect/Disease Existing: W hite pine blister rust, M ountain pine beetle 
M BP Risk Rating: 3 (out o f  10)
Fire Risk Crown index: 0 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
Fool’s huckleberry (M enziesia ferruginea ) 
• Grouseberry ( Vaccinium scoparium) 
Beargrass (Xerophyllum tenax)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Used
• Mule deer: Not used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 2 '
6
STAND 4
Priority Ranking 41
Topography Average slope: 47 % (average) 
Aspect: 48 degrees (average) 
Elevation: 6134 feet 
Stand size: 40 acres
Forest Forest Type: Subalpine fir/whitebark pine 
Basal area: 170 feet square/acre (average)
Insect/Disease Existing: Mountain Pine Beetle 
MBP Risk Rating: 8 (out o f 10)
Fire Risk Crown index: 12.7 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry ( Vaccinium membranaceum)
• Beargrass (Xerophyllum tenax)
• Heart-leaf arnica {Arnica cordifolia)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Frequently Used
• Mule deer: Used
M erchantable Tim ber 0 merchantable board feet harvested with treatment.
Number o f Plots 2
7
STAND 5
Priority Ranking 59
Topography Average slope: No data 
Aspect: No data 
Elevation: 6900 feet 
Stand size: 34 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: No data
Invasive species No data
Coarse W oody Debris No data
Ungulate use • Elk: No data
• Mule deer: No data
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 0
STAND 6
Priority Ranking 38
Topography Average slope: 33 %  (average) 
Aspect: 71 degrees (average) 
Elevation: 6099 feet 
Stand size: 65 acres
Forest Forest Type: Lodgepole pine
Basal area: 120 feet square/acre (average)
Insect/Disease Existing: None found 
M BP Risk Rating: 5 (out o f  10)
Fire Risk Crown index: 17.6 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry ( Vaccinium membranaceum)
• Beargrass (Xerophyllum  tenax)
• Fool’s huckleberry (M enziesia ferruginea )
• Grouseberry ( Vaccinium scoparium)
Invasive species None found
Coarse Woody Debris Low
Ungulate use • Elk: Used
• Mule deer: Not used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 2
9
STAND 7
Priority Ranking 58
Topography Average slope: 67 % (average) 
Aspect: 180 degrees (average) 
Elevation: 6445 feet 
Stand size: 33 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 101.2 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry ( Vaccinium membranaceum)
• Beargrass (Xerophyllum tenax)
Invasive species None found
Coarse W oody Debris None
Ungulate use • Elk: Used
• Mule deer: Used
M erchantable Tim ber 0 merchantable board feet harvested with treatment.
Number o f  Plots 1
10
STAND 8
Priority Ranking 51
Topography Average slope: 44 % (average) 
Aspect: 90 degrees (average) 
Elevation: 5956 feet 
Stand size: 35 acres
Forest Forest Type: Douglas-fir (subalpine)
Basal area: 130 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 2 (out o f 10)
Fire Risk Crown index: 17.3 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax)
• Black huckleberry ( Vaccinium membranaceum)
Invasive species None found
Coarse Woody Debris Low
Ungulate use • Elk: Frequently Used
• Mule deer: Not used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 2
11
STAND 9
Priority Ranking 37
Topography Average slope: 25 %  (average) 
Aspect: 66 degrees (average) 
Elevation: 7029 feet 
Stand size: 46 acres
Forest Forest Type: Subalpine fir/whitebark pine 
Basal area: 30 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 5 (out o f 10)
Fire Risk Crown index: 20 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry ( Vaccinium membranaceum)
• Beargrass (Xerophyllum tenax)
• Grouseberry ( Vaccinium scoparium)
• Fool’s huckleberry (Menziesia ferruginea)
Invasive species None found
Coarse Woody Debris None
Ungulate use • Elk: Not used
• Mule deer: Not used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 2
12
STAND 10
Priority Ranking 60
Topography Average slope: N o data 
Aspect: No data 
Elevation: 7200 feet 
Stand size: 5 acres
Forest Forest Type: Grassland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: None found 
M BP Risk Rating: 0 (out o f  10)
Fire Risk Crown index: No data
Invasive species No data
Coarse W oody Debris None
Ungulate use • Elk: No data
• Mule deer: No data
M erchantable Tim ber 0 merchantable board feet harvested with treatment.
Num ber o f Plots 0
13
STAND 11
Priority Ranking 40
Topography Average slope: 10 % (average) 
Aspect: 171 degrees (average) 
Elevation: 7147 feet 
Stand size: 4 acres
Forest Forest Type: Subalpine fir/whitebark pine 
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: None found 
M BP Risk Rating: 5 (out o f  10)
Fire Risk Crown index: 24.8 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Bare ground and moss/lichens
Invasive species None found
Coarse Woody Debris None
Ungulate use • Elk: Not used
• Mule deer: Not used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 1
14
STAND 12
Priority Ranking 26
Topography Average slope: 40 %  (average) 
Aspect: 20 degrees (average) 
Elevation: 6914 feet 
Stand size: 6 acres
Forest Forest Type: Subalpine fir/whitebark pine 
Basal area: 140 feet square/acre (average)
Insect/Disease Existing: W hite pine blister rust 
M BP Risk Rating: 5 (out o f  10)
Fire Risk Crown index: 14.7 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry ( Vaccinium membranaceum )
• Grouseberry ( Vaccinium scoparium)
• Fool’s huckleberry (M enziesia ferruginea )
Invasive species None found
Coarse W oody Debris High
Ungulate use • Elk: Not used
• Mule deer: Not used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f  Plots 1
15
STAND 13
Priority Ranking 44
Topography Average slope: 43 % (average) 
Aspect: 22 degrees (average) 
Elevation: 7302 feet 
Stand size: 41 acres
Forest Forest Type: Lodgepole pine
Basal area: 67 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 2 (out o f 10)
Fire Risk Crown index: 7.4 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Grouseberry ( Vaccinium scoparium)
Invasive species None found
Coarse W oody Debris Low
Ungulate use . Elk: Used 
• Mule deer: Not used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Num ber o f Plots 3
16
STAND 14
Priority Ranking 50
Topography Average slope: 69 % (average) 
Aspect: 310 degrees (average) 
Elevation: 5378 feet 
Stand size: 45 acres
Forest Forest Type: Douglas-fir (mesic)
Basal area: 90 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 1 (out o f  10)
Fire Risk Crown index: 0 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry ( Vaccinium membranaceum) 
Beargrass (Xerophyllum tenax)
Common browse 
species
Snowberry {Symphoricarpos Albus)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Frequently Used
• Mule deer: Used
M erchantable Tim ber 0 merchantable board feet harvested with treatment.
Num ber o f Plots 2
17
STAND 15
Priority Ranking 61
Topography Average slope: No data 
Aspect: No data 
Elevation: 6100 feet 
Stand size: 120 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: No data
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: No data
Invasive species No data
Coarse Woody Debris None
Ungulate use • Elk: No data
• Mule deer: No data
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 0
18
STAND 16
Priority Ranking 39
Topography Average slope: 20 % (average) 
Aspect: 190 degrees (average) 
Elevation: 5340 feet 
Stand size: 52 acres
Forest Forest Type: Ponderosa pine/western larch 
Basal area: 167 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 1 (out o f 10)
Fire Risk Crown index: 8.7miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Oregon grape {Berberis repens)
• Prickly rose (Rosa acicularis)
Common browse 
species
• Snowberry (,Symphoricarpos AI bus)
• Serviceberry (Amelanchier alnifolia)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Not used
• Mule deer: Frequently used
M erchantable Tim ber 639,123 merchantable board feet harvested with treatment.
Number o f Plots 3
19
STAND 17
Priority Ranking 62
Topography Average slope: No data 
Aspect: No data 
Elevation: 5200 feet 
Stand size: 39 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: No data
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: No data
Invasive species No data
Coarse Woody Debris None
Ungulate use • Elk: No data
• Mule deer: No data
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 0
20
STAND 18
Priority Ranking 29
Topography Average slope: 55 % (average) 
Aspect: 255 degrees (average) 
Elevation: 5645 feet 
Stand size: 40 acres
Forest Forest Type: Shrubland
Basal area: 20 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 79 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Oregon grape (Berberis repens)
• Blue-bunch wheatgrass (Agropyron spicatum)
Common browse 
species
• Snowberry (Symphoricarpos Albus)
Invasive species Smooth Brome, present
Coarse W oody Debris None
Ungulate use • Elk: Frequently Used
• Mule deer: Not used
M erchantable Tim ber 40,481 merchantable board feet harvested with treatment.
Number o f Plots 1
21
STAND 19
Priority Ranking 54
Topography Average slope: 41 % (average) 
Aspect: 301 degrees (average) 
Elevation: 5663 feet 
Stand size: 66 acres
Forest Forest Type: Douglas-fir (mesic)
Basal area: 190 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 2 (out o f 10)
Fire Risk Crown index: 17.5 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Pinegrass (Calamagrostis rubescens)
• Black huckleberry (Vaccinium membranaceum)
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
Invasive species None found
Coarse Woody Debris None
Ungulate use • Elk: Frequently Used
• Mule deer: Used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 2
22
STAND 20
Priority Ranking 14
Topography Average slope: 23 % (average) 
Aspect: 261 degrees (average) 
Elevation: 4910 feet 
Stand size: 34 acres
Forest Forest Type: Ponderosa pine/western larch 
Basal area: 153 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 2 (out o f 10)
Fire Risk Crown index: 7.9 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Pinegrass (<Calamagrostis rubescens)
• Black huckleberry ( Vaccinium membranaceum)
• Oregon grape (Berberis repens)
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
Invasive species Smooth Brome, present
Coarse Woody Debris High
Ungulate use • Elk: Frequently Used
• Mule deer: Frequently used
Merchantable Timber 331,648 merchantable board feet harvested with treatment.
Number of Plots 3
23
STAND 21
Priority Ranking 63
Topography Average slope: No data 
Aspect: No data 
Elevation: 6400 feet 
Stand size: 9 acres
Forest Forest Type: Grassland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: No data
Fire Risk Crown index: No data
Invasive species No data
Coarse Woody Debris None
Ungulate use • Elk: No data
• Mule deer: No data
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 0
24
STAND 22
Priority Ranking 64
Topography Average slope: No data 
Aspect: No data 
Elevation: 6100 feet 
Stand size: 68 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: No data
Fire Risk Crown index: No data
Invasive species No data
Coarse Woody Debris No data
Ungulate use • Elk: No data
• Mule deer: No data
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 0
25
STAND 23
Priority Ranking 65
Topography Average slope: No data 
Aspect: No data 
Elevation: 6400 feet 
Stand size: 26 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: No data
Fire Risk Crown index: No data
Invasive species No data
Coarse W oody Debris None
Ungulate use • Elk: No data
• Mule deer: No data
M erchantable Timber 0 merchantable board feet harvested with treatment.
Num ber o f Plots 0
26
STAND 24
Priority Ranking 47
Topography Average slope: 56 % (average) 
Aspect: 279 degrees (average) 
Elevation: 6441 feet 
Stand size: 61 acres
Forest Forest Type: Douglas-fir (mesic)
Basal area: 193 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 3 (out o f 10)
Fire Risk Crown index: 0 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax)
• Black huckleberry ( Vaccinium membranaceum) 
Heart-leaf arnica {Arnica cordifolia)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Used
• Mule deer: Not used
M erchantable Tim ber 0 merchantable board feet harvested with treatment.
Number o f Plots 3
27
STAND 25
Priority Ranking 49
Topography Average slope: 50 % (average) 
Aspect: 346 degrees (average) 
Elevation: 6113 feet 
Stand size: 62 acres
Forest Forest Type: Douglas-fir (subalpine)
Basal area: 147 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 3 (out o f 10)
Fire Risk Crown index: 5.4 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax) 
Green alder {Alnus virinus)
Common browse 
species
Serviceberry (Amelanchier alnifolia)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Used
• Mule deer: Used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 3
28
STAND 26
Priority Ranking 17
Topography Average slope: 28 % (average) 
Aspect: 266 degrees (average) 
Elevation: 4869 feet 
Stand size: 32 acres
Forest Forest Type: Ponderosa pine/western larch 
Basal area: 160 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 1 (out o f 10)
Fire Risk Crown index: 7.4 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry ( Vaccinium membranacewri) 
Pinegrass (Calamagrostis rubescens)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Frequently Used
• Mule deer: Frequently used
M erchantable Timber 207,598 merchantable board feet harvested with treatment.
Number o f Plots 2
29
STAND 27
Priority Ranking 57
Topography Average slope: 55 % (average) 
Aspect: 250 degrees (average) 
Elevation: 5153 feet 
Stand size: 17 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 1.7 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Elk sedge (Carex geyeri)
Common browse 
species
• Snowbrush ceanothus (Ceanothus velutinus)
• Serviceberry (Amalanchier alnifolia)
Invasive species None found
Coarse Woody Debris None
Ungulate use .  Elk: Used 
• Mule deer: Used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 1
30
STAND 28
Priority Ranking 56
Topography Average slope: 33 % (average) 
Aspect: 263 degrees (average) 
Elevation: 6109 feet 
Stand size: 85 acres
Forest Forest Type: Douglas-fir (subalpine)
Basal area: 140 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 1 (out o f 10)
Fire Risk Crown index: 6.8 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Elk sedge (<Carex geyeri)
• Black huckleberry ( Vaccinium membranaceum)
• Beargrass (Xerophyllum tenax)
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
Invasive species Orange hawkweed, smooth brome, and dandelion sp., present
Coarse W oody Debris Low
Ungulate use • Elk: Used
• Mule deer: Used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 3
31
STAND 29
Priority Ranking 16
Topography Average slope: 33 %  (average) 
Aspect: 240 degrees (average) 
Elevation: 5169 feet 
Stand size: 56 acres
Forest Forest Type: Ponderosa pine/western larch 
Basal area: 113 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 2 (out o f  10)
Fire Risk Crown index: 6.8 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry ( Vaccinium membranaceum )
• Oregon grape (Berberis repens)
• Prickly rose (Rosa acicularis)
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
Invasive species None found
Coarse W oody Debris High
Ungulate use • Elk: Not used
• M ule deer: Frequently used
M erchantable Timber 454,600 merchantable board feet harvested with treatment.
Number o f Plots 3
32
STAND 30
Priority Ranking 43
Topography Average slope: 52 %  (average) 
Aspect: 248 degrees (average) 
Elevation: 6814 feet 
Stand size: 74 acres
Forest Forest Type: Douglas-fir (subalpine) 
Basal area: 80 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 2 (out o f  10)
Fire Risk Crown index: 8 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax)
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
Invasive species None found
Coarse Woody Debris High
Ungulate use • Elk: Not used
• M ule deer: Not used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 3
33
STAND 31
Priority Ranking 66
Topography Average slope: No data 
Aspect: No data 
Elevation: 6800 feet 
Stand size: 60 acres
Forest Forest Type: Grassland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: No data 
MBP Risk Rating: No data
Fire Risk Crown index: No data
Invasive species No data
Coarse Woody Debris No data
Ungulate use • Elk: No data
• Mule deer: No data
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 0
34
STAND 32
Priority Ranking 67
Topography Average slope: No data 
Aspect: No data 
Elevation: 6800 feet 
Stand size: 25 acres
Forest Forest Type: Grassland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: No data 
MBP Risk Rating: No data
Fire Risk Crown index: No data
Invasive species No data
Coarse W oody Debris No data
Ungulate use • Elk: No data
• Mule deer: No data
M erchantable Timber 0 merchantable board feet harvested with treatment.
Num ber o f Plots 0
35
STAND 33
Priority Ranking 8
Topography Average slope: 35 % (average) 
Aspect: 190 degrees (average) 
Elevation: 6304 feet 
Stand size: 85 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 66.9 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Arrow-leaf balsamroot (Balsamorhiza sagittata)
• Elk sedge (Carex geyeri)
Invasive species None found
Coarse W oody Debris None
Ungulate use • Elk: Not used
• Mule deer: Frequently used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Num ber o f Plots 1
36
STAND 34
Priority Ranking 52
Topography Average slope: S I  %  (average) 
Aspect: 203 degrees (average) 
Elevation: 5487 feet 
Stand size: 80 acres
Forest Forest Type: Douglas-fir (mesic)
Basal area: 107 feet square/acre (average)
Insect/Disease Existing: None found 
M BP Risk Rating: 2 (out o f  10)
Fire Risk Crown index: 0.7 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry (Vaccinium membranaceum )
• Beargrass (Xerophyllum tenax)
• D w arf huckleberry ( Vaccinium caespitosum )
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Not used
• Mule deer: Frequently used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 3
37
STAND 35
Priority Ranking 45
Topography Average slope: 37 % (average) 
Aspect: 171 degrees (average) 
Elevation: 7175 feet 
Stand size: 102 acres
Forest Forest Type: Lodgepole pine
Basal area: 30 feet square/acre (average)
Insect/Disease Existing: Mountain Pine Beetle 
MBP Risk Rating: 5 (out of 10)
Fire Risk Crown index: 21.8 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax)
• Grouseberry ( Vaccinium scoparium)
Invasive species Orange hawkweed, common
Coarse W oody Debris Low
Ungulate use . Elk: Used 
• Mule deer: Not used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 2
38
STAND 36
Priority Ranking 2
Topography Average slope: 30 % (average) 
Aspect: 209 degrees (average) 
Elevation: 5737 feet 
Stand size: 38 acres
Forest Forest Type: Shrubland
Basal area: 60 feet square/acre (average)
Insect/Disease Existing: None found 
M BP Risk Rating: 0 (out o f  10)
Fire Risk Crown index: 29.6 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Elk sedge (Carex geyeri)
• W estern sweet-cicely (Osmorhiza occidentalis)
Common browse 
species
• Snowbrush ceanothus (Ceanothus Velutinus)
• Snowberry (Symphoricarpos AI bus)
Invasive species Smooth brome and Dandelion sp., present
Coarse Woody Debris None
Ungulate use • Elk: Frequently Used
• Mule deer: Used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 1
39
STAND 37
Priority Ranking 31
Topography Average slope: 51 %  (average) 
Aspect: 208 degrees (average) 
Elevation: 5748 feet 
Stand size: 179 acres
Forest Forest Type: Douglas-fir (old-growth) 
Basal area: 35 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f  10)
Fire Risk Crown index: 14.9 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Elk sedge (Carex geyeri)
• Beargrass (Xerophyllum tenax)
Common browse 
species
• Snowbrush ceanothus (Ceanothus Velutinus)
• Serviceberry (Amelanchier alnifolia)
• Rocky m ountain maple (Acer glabrum)
• Pin cherry (Prunus pennsylvanicus)
• M ountain ash (Sorbus scopulina)
• Snowberry (Symphoricarpos Albus)
Invasive species Hounds tongue and toad flax, present
Coarse W oody Debris Low
Ungulate use • Elk: Frequently Used
• Mule deer: Frequently used
M erchantable Timber 226,574 merchantable board feet harvested with treatment.
Number o f Plots 4
40
STAND 38
Priority Ranking 25
Topography Average slope: 63 % (average) 
Aspect: 138 degrees (average) 
Elevation: 6134 feet 
Stand size: 30 acres
Forest Forest Type: Douglas-fir (old-growth) 
Basal area: 30 feet square/acre (average)
Insect/Disease Existing: None found 
M BP Risk Rating: 0 (out o f  10)
Fire Risk Crown index: 8 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry ( Vaccinium membranaceum )
• Elk sedge (Carex geyeri)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Frequently Used
• Mule deer: Used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f  Plots 2
41
STAND 39
Priority Ranking 11
Topography Average slope: No data 
Aspect: No data 
Elevation: 5200 feet 
Stand size: 92 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: No data 
MBP Risk Rating: No data
Fire Risk Crown index: No data
Invasive species No data
Coarse W oody Debris No data
Ungulate use • Elk: No data
• Mule deer: No data
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 0
42
STAND 40
Priority Ranking 9
Topography Average slope: 40 % (average) 
Aspect: 90 degrees (average) 
Elevation: 5717 feet 
Stand size: 66 acres
Forest Forest Type: Shrubland
Basal area: 20 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 100 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Western sweet-cicely (Osmorhiza occidentalis)
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
• Rocky mountain maple {Acer glabrum)
Invasive species None found
Coarse Woody Debris None
Ungulate use • Elk: Not used
• Mule deer: Frequently used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 1
43
STAND 41
Priority Ranking 10
Topography Average slope: No data 
Aspect: No data 
Elevation: 5700 feet 
Stand size: 52 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: No data 
MBP Risk Rating: No data
Fire Risk Crown index: No data
Invasive species No data
Coarse W oody Debris No data
Ungulate use • Elk: No data
• Mule deer: No data
M erchantable Timber 0 merchantable board feet harvested with treatment.
Num ber of Plots 0
44
STAND 42
Priority Ranking 21
Topography Average slope: 25 % (average) 
Aspect: 144 degrees (average) 
Elevation: 4923 feet 
Stand size: 100 acres
Forest Forest Type: Ponderosa pine/western larch 
Basal area: 213 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 1 (out o f  10)
Fire Risk Crown index: 10.7 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Oregon grape (Berberis repens)
• Prickly rose (Rosa acicularis)
Common browse 
species
• Serviceberry (Am elanchier alnifolia)
• Rocky m ountain maple {Acer glabrum)
• Snowberry {Symphoricarpos Albus)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Used
• Mule deer: Frequently used
M erchantable Timber 1,698,496 merchantable board feet harvested with treatment.
Number of Plots 3
45
STAND 43
Priority Ranking 24
Topography Average slope: 13 % (average) 
Aspect: 212 degrees (average) 
Elevation: 4915 feet 
Stand size: 34 acres
Forest Forest Type: Ponderosa pine/western larch 
Basal area: 153 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 1 (out o f  10)
Fire Risk Crown index: 88 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Snowberry (Symphoricarpos Albus)
• Oregon grape (Berberis repens)
• Pinegrass (Calamagrostis rubescens)
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
• Snowberry {Symphoricarpos Albus)
Invasive species Spotted knapweed and Smooth brome, common
Coarse W oody Debris Low
Ungulate use • Elk: Frequently Used
• Mule deer: Frequently used
M erchantable Timber 8,869 merchantable board feet harvested with treatment.
Number o f Plots 3
46
STAND 44
Priority Ranking 18
Topography Average slope: 15%  (average) 
Aspect: 150 degrees (average) 
Elevation: 4979 feet 
Stand size: 44 acres
Forest Forest Type: Shrubland
Basal area: 20 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 35.7 miles/hour (wind speed needed to sustain a 
crown fire)
Common browse 
species
• Snowbrush ceanothus (Ceanothus Velutinus)
• Serviceberry {Amelanchier alnifolia)
• Snowberry (Symphoricarpos Albus)
Invasive species None found
Coarse W oody Debris None
Ungulate use . Elk: Used
• Mule deer: Frequently used
M erchantable Timber 43,085 merchantable board feet harvested with treatment.
Number o f Plots 1
47
STAND 45
Priority Ranking 7
Topography Average slope: 35 % (average) 
Aspect: 210 degrees (average) 
Elevation: 5431 feet 
Stand size: 83 acres
Forest Forest Type: Shrubland
Basal area: 20 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 100 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Femed-leafed lomatium (Lomatium dissectum)
Common browse 
species
• Snowbrush ceanothus (Ceanothus Velutinus)
• Serviceberry (Amelanchier alnifolia)
Invasive species None found
Coarse Woody Debris High
Ungulate use • Elk: Frequently Used
• Mule deer: Not used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 1
48
STAND 46
Priority Ranking 4
Topography Average slope: 60 %  (average) 
Aspect: 140 degrees (average) 
Elevation: 5523 feet 
Stand size: 40 acres
Forest Forest Type: Shrubland
Basal area: 40 feet square/acre (average)
Insect/Disease Existing: None found 
M BP Risk Rating: 0 (out o f  10)
Fire Risk Crown index: 0 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Pinegrass (Calamagrostis rubescens)
Common browse 
species
• Snowbrush Ceanothus (Ceanothus Velutinus)
• Serviceberry (Amelanchier alnifolia)
• Rocky m ountain maple {Acer glabrum)
Invasive species None found
Coarse Woody Debris None
Ungulate use • Elk: Not used
• Mule deer: Used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 1
49
STAND 47
Priority Ranking 35
Topography Average slope: 32 % (average) 
Aspect: 158 degrees (average) 
Elevation: 5912 feet 
Stand size: 43 acres
Forest Forest Type: Douglas-fir (shrub)
Basal area: 107 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 11.5 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Pinegrass (Calamagrostis rubescens)
• Beargrass (Xerophyllum tenax)
Common browse 
species
• Snowbrush ceanothus (Ceanothus Velutinus)
• Serviceberry (Amelanchier alnifolia)
• Mountain ash (Sorbus scopulina)
Invasive species Smooth brome and Dandelion sp., present
Coarse W oody Debris None
Ungulate use • Elk: Used
• Mule deer: Used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Num ber of Plots 3
50
STAND 48
Priority Ranking 28
Topography Average slope: 55 % (average) 
Aspect: 150 degrees (average) 
Elevation: 6494 feet 
Stand size: 57 acres
Forest Forest Type: Douglas-fir (old-growth) 
Basal area: 120 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f  10)
Fire Risk Crown index: 5.1 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
Elk sedge (Carex geyeri)
Invasive species Hounds tongue present
Coarse W oody Debris None
Ungulate use • Elk: Not used
• Mule deer: Not used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 1
51
STAND 49
Priority Ranking 27
Topography Average slope: 36 % (average) 
Aspect: 224 degrees (average) 
Elevation: 7102 feet 
Stand size: 115 acres
Forest Forest Type: Lodgepole pine
Basal area: 87 feet square/acre (average)
Insect/Disease Existing: W hite pine blister rust, M ountain pine beetle 
M B? Risk Rating: 9 (out o f  10)
Fire Risk Crown index: 17.6 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Grouseberry ( Vaccinium scoparium)
• Beargrass (Xerophyllum tenax)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Not used
• Mule deer: Not used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 3
52
STAND 50
Priority Ranking 20
Topography Average slope: 52 % (average) 
Aspect: 218 degrees (average) 
Elevation: 6213 feet 
Stand size: 50 acres
Forest Forest Type: Douglas-fir (old-growth) 
Basal area: 100 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 23.5 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Pinegrass (Calamagrostis rubescens)
Common browse 
species
• Rocky mountain maple (Acer glabrum)
Invasive species Smooth brome, present
Coarse W oody Debris High
Ungulate use • Elk: Used
• Mule deer: Not used
M erchantable Tim ber 0 merchantable board feet harvested with treatment.
Number o f Plots 3
53
STAND 51
Priority Ranking 3
Topography Average slope: 55 % (average) 
Aspect: 120 degrees (average) 
Elevation: 6064 feet 
Stand size: 64 acres
Forest Forest Type: Shrubland
Basal area: 80 feet square/acre (average)
Insect/Disease Existing: None found
MBP Risk Rating: 0 (out o f  10)
Fire Risk Crown index: 6.7 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry ( Vaccinium membranaceum )
Invasive species None found
Coarse W oody Debris None
Ungulate use • Elk: Used
• M ule deer: Used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 1
54
STAND 52
Priority Ranking 55
Topography Average slope: 50 % (average) 
Aspect: 260 degrees (average) 
Elevation: 5405 feet 
Stand size: 30 acres
Forest Forest Type: Douglas-fir (mesic)
Basal area: 130 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 1 (out o f  10)
Fire Risk Crown index: 3.4 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Black huckleberry ( Vaccinium membranaceum )
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
• Chokecherry (Prunus virginiana)
Invasive species None found
Coarse Woody Debris None
Ungulate use .  Elk: Used
• Mule deer: Frequently used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 2
55
STAND 53
Priority Ranking 19
Topography Average slope: 33 % (average) 
Aspect: 205 degrees (average) 
Elevation: 6187 feet 
Stand size: 78 acres
Forest Forest Type: Douglas-fir (old-growth) 
Basal area: 100 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f  10)
Fire Risk Crown index: 16.1 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax)
• Arrow-leaf balsamroot (Balsamorhiza sagittata)
Common browse 
species
• Rocky mountain maple {Acer glabrum )
• Serviceberry (Amelanchier alnifolia)
Invasive species Smooth brome, plantain, and Hounds tongue, common
Coarse W oody Debris High
Ungulate use . Elk: Used 
• Mule deer: Used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 4
56
STAND 54
Priority Ranking 30
Topography Average slope: 33 % (average) 
Aspect: 187 degrees (average) 
Elevation: 5874 feet 
Stand size: 47 acres
Forest Forest Type: Douglas-fir (shrub)
Basal area: 50 feet square/acre (average)
Insect/Disease Existing: None found 
M BP Risk Rating: 0 (out o f  10)
Fire Risk Crown index: 100 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Showy aster (Aster conspicuus)
Common browse 
species
• Pin cherry (Prunus pennsylvanicus)
• Serviceberry (Am elanchier alnifolia)
• Snowbrush ceanothus (Ceanothus Velutinus)
Invasive species None found
Coarse W oody Debris High
Ungulate use • Elk: Used
• Mule deer: Used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 2
57
STAND 55
Priority Ranking 6
Topography Average slope: 40 % (average) 
Aspect: 203 degrees (average) 
Elevation: 5317 feet 
Stand size: 43 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f  10)
Fire Risk Crown index: 9.3 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Elk sedge (Carex geyeri)
Common browse 
species
• Chokecherry (Prunus virginiana)
• Serviceberry (Amelanchier alnifolia)
• Snowbrush ceanothus (Ceanothus Velutinus)
• Snowberry (Symphoricarpos Albus)
Invasive species Spotted knapweed and Smooth brome, present
Coarse W oody Debris Low
Ungulate use • Elk: Frequently Used
• Mule deer: Used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 1
58
STAND 56
Priority Ranking 12
Topography Average slope: 45 % (average) 
Aspect: 190 degrees (average) 
Elevation: 5487 feet 
Stand size: 33 acres
Forest Forest Type: Shrubland
Basal area: 0 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 100 miles/hour (wind speed needed to sustain a 
crown fire)
Common browse 
species
• Serviceberry {Amelanchier alnifolia)
Invasive species None found
Coarse W oody Debris None
Ungulate use • Elk: Frequently Used
• Mule deer: Not used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 1
59
STAND 57
Priority Ranking 68
Topography Average slope: 48 %  (average) 
Aspect: 150 degrees (average) 
Elevation: 5680.96 feet 
Stand size: 84 acres
Forest Forest Type: Douglas-fir (mesic)
Basal area: 140 feet square/acre (average)
Insect/Disease Existing: None found 
M BP Risk Rating: 0 (out o f  10)
Fire Risk Crown index: 100 m iles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax)
• Pinegrass (Calamagrostis rubescens)
• Black huckleberry ( Vaccinium membranaceum)
Common browse 
species
• Rocky mountain maple {Acer glabrum)
Invasive species None found
Coarse W oody Debris High
Ungulate use • Elk: Used
• M ule deer: Used
M erchantable Timber 0 merchantable board feet harvested with treatment.
Number o f Plots 2
60
STAND 58
Priority Ranking 33
Topography Average slope: 55 % (average) 
Aspect: 193 degrees (average) 
Elevation: 5983 feet 
Stand size: 80 acres
Forest Forest Type: Douglas-fir (old-growth) 
Basal area: 135 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 6.9 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax)
Common browse 
species
• Rocky mountain maple (Acer glabrum)
• Serviceberry (Amelanchier alnifolia)
Invasive species Hounds tongue, present
Coarse Woody Debris Very High
Ungulate use .  Elk: Used 
• Mule deer: Not used
Merchantable Timber 240,667 merchantable board feet harvested with treatment.
Number of Plots 4
61
STAND 59
Priority Ranking 48
Topography Average slope: 55 %  (average) 
Aspect: 83 degrees (average) 
Elevation: 5949 feet 
Stand size: 126 acres
Forest Forest Type: Douglas-fir (mesic)
Basal area: 153 feet square/acre (average)
Insect/Disease Existing: Mountain Pine Beetle 
MBP Risk Rating: 2 (out o f 10)
Fire Risk Crown index: 0 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax)
• Showy aster (Aster conspicuus)
• Heart-leaf arnica (Arnica cordifolia)
• Black huckleberry ( Vaccinium membranaceum)
Invasive species None found
Coarse Woody Debris Low
Ungulate use • Elk: Used
• Mule deer: Used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 3
62
STAND 60
Priority Ranking 42
Topography Average slope: 42 % (average) 
Aspect: 169 degrees (average) 
Elevation: 5179 feet 
Stand size: 41 acres
Forest Forest Type: Ponderosa pine/western larch 
Basal area: 180 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 1 (out o f 10)
Fire Risk Crown index: 10.4 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Oregon grape (Berberis repens)
Common browse 
species
• Serviceberry (Amelanchier alnifolia) 
Snowberry (Symphoricarpos Albus)
Invasive species Spotted knapweed, common
Coarse Woody Debris High
Ungulate use • Elk: Frequently Used
• Mule deer: Not used
Merchantable Timber 444,628 merchantable board feet harvested with treatment.
Number of Plots 3
63
STAND 61
Priority Ranking 36
Topography Average slope: 10 % (average) 
Aspect: 120 degrees (average) 
Elevation: 4936 feet 
Stand size: 35 acres
Forest Forest Type: Ponderosa pine/western larch 
Basal area: 180 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 8 (out o f 10)
Fire Risk Crown index: 13.6 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax)
• Heart-leaf arnica {Arnica cordifolia)
Invasive species None found
Coarse Woody Debris Low
Ungulate use • Elk: Used
• Mule deer: Used
Merchantable Timber 250,385 merchantable board feet harvested with treatment.
Number of Plots 1
64
STAND 62
Priority Ranking 1
Topography Average slope: 43 % (average) 
Aspect: 192 degrees (average) 
Elevation: 5425 feet 
Stand size: 65 acres
Forest Forest Type: Quaking aspen
Basal area: 48.6 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 17.1 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Heart-leaf arnica {Arnica cordifolia)
• Oregon grape {Berberis repens)
• Pinegrass {Calamagrostis rubescens)
• Elk sedge {Carex geyeri)
• Spreading dogbane {Apocynum androsaemifolia)
Common browse 
species
• Serviceberry {Amelanchier alnifolia)
• Snowbrush ceanothus (Ceanothus Velutinus)
• Snowberry (Symphoricarpos Albus)
Invasive species Smooth brome, spotted knapweed, common, Hounds tongue, 
present
Coarse Woody Debris Low
Ungulate use • Elk: Used
• Mule deer: Used
Merchantable Timber 79,055 merchantable board feet harvested with treatment.
Number of Plots 7
65
STAND 63
Priority Ranking 13
Topography Average slope: 48 % (average) 
Aspect: 234 degrees (average) 
Elevation: 5117 feet 
Stand size: 117 acres
Forest Forest Type: Ponderosa pine/western larch 
Basal area: 80 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 1 (out o f 10)
Fire Risk Crown index: 8.4 miles/hour (wind speed needed to sustain a 
crown fire)
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
Invasive species None found
Coarse Woody Debris High
Ungulate use • Elk: Not used
• Mule deer: Not used
Merchantable Timber 505,291 merchantable board feet harvested with treatment.
Number of Plots 2
66
STAND 64
Priority Ranking 23
Topography Average slope: 33 % (average) 
Aspect: 141 degrees (average) 
Elevation: 6091 feet 
Stand size: 71 acres
Forest Forest Type: Douglas-fir (old-growth) 
Basal area: 150 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 0 (out o f 10)
Fire Risk Crown index: 19.6 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Heart-leaf arnica (Arnica cordifolia)
• Beargrass (Xerophyllum tenax)
• Black huckleberry ( Vaccinium membranaceutri)
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
Invasive species Smooth brome, present
Coarse W oody Debris Very High
Ungulate use • Elk: Not used
• Mule deer: Frequently used
M erchantable Tim ber 265,053 merchantable board feet harvested with treatment.
Number o f Plots 2
67
STAND 65
Priority Ranking 46
Topography Average slope: 60 % (average) 
Aspect: 230 degrees (average) 
Elevation: 5222 feet 
Stand size: 62 acres
Forest Forest Type: Douglas-fir (mesic)
Basal area: 120 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 1 (out o f 10)
Fire Risk Crown index: 1.3 miles/hour (wind speed needed to sustain a 
crown fire)
Common browse 
species
• Serviceberry (Amelanchier alnifolia)
• Snowbrush ceanothus (Ceanothus Velutinus)
Invasive species Spotted knapweed, present
Coarse Woody Debris High
Ungulate use • Elk: Frequently Used
• Mule deer: Frequently used
Merchantable Timber 0 merchantable board feet harvested with treatment.
Number of Plots 3
68
STAND 66
Priority Ranking 22
Topography Average slope: 62 % (average) 
Aspect: 87 degrees (average) 
Elevation: 5507 feet 
Stand size: 38 acres
Forest Forest Type: Ponderosa pine/westem larch 
Basal area: 126.7 feet square/acre (average)
Insect/Disease Existing: Mountain Pine Beetle 
MBP Risk Rating: 2 (out o f 10)
Fire Risk Crown index: 17.2 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax)
• Black huckleberry ( Vaccinium membranaceum)
Invasive species None found
Coarse Woody Debris Low
Ungulate use • Elk: Not used
• Mule deer: Frequently used
Merchantable Timber 201,592 merchantable board feet harvested with treatment.
Number of Plots 3
69
STAND 67
Priority Ranking 15
Topography Average slope: 17 % (average) 
Aspect: 217 degrees (average) 
Elevation: 5872 feet 
Stand size: 77 acres
Forest Forest Type: Lodgepole pine
Basal area: 115 feet square/acre (average)
Insect/Disease Existing: None found 
MBP Risk Rating: 3 (out o f 10)
Fire Risk Crown index: 20 miles/hour (wind speed needed to sustain a 
crown fire)
Common plant 
species
• Beargrass (Xerophyllum tenax)
• Black huckleberry ( Vaccinium membranaceum)
• Grouseberry ( Vaccinium scoparium)
Invasive species None found
Coarse W oody Debris Low
Ungulate use • Elk: Used
• Mule deer: Used
M erchantable Timber 583,962 merchantable board feet harvested with treatment.
Num ber o f Plots 4
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APPENDIX B: STAND PRESCRIPTIONS FOR HABITAT IMPROVEMENT
'
B.l General Prescriptions by Forest Type
The following provides habitat improvement and restoration goals for each forest type in the 
Ovando Mountain Project Area. These prescriptions are based on the best available literature and 
discussions with experts. In addition, the prescriptions are made in consideration o f  the M ontana 
Forest Restoration Principles, designed by the M ontana Forest Restoration Committee, o f  which 
FWP is a part. Particular principles applied here include: restoring ecosystem functions, 
adaptive management, reestablishment o f  fire on the landscape, social considerations and 
community engagement, enhance habitat, enhance education and recreation, and protect 
watershed health (M ontana Forest Restoration Committee 2007).
General prescriptions are provided here for each forest type. Prescriptions are formatted as 
decision-trees that provide recommended courses o f  action based on existing stand conditions.
For each forest type, goals, treatments, and monitoring protocols are recommended. The 
decision-maker can refer to the decision-tree when designing more specific treatm ents for 
individual stands. Table B .l provides a summary table for these general prescriptions. In 
addition, Table B.3 provides more specific recommendations for individual stands.
BAA Ponderosa pine/western larch
Goals:
The goals for habitat improvement treatm ents in the ponderosa pine/western larch forest are to: 
reduce the density o f  Douglas-fir, to open the canopy to allow shrub and ponderosa pine/western 
larch seedling regeneration, and to reduce the risk o f  stand-replacing fires. To m aintain an 
uneven-aged structure, the treatments should retain all o f  the infrequent ponderosa pine and 
western larch and any large, ‘old-growth-type’ Douglas-fir that may be present. In addition, a 
riparian, even-aged western larch stand exists (in stand 43) and is healthy in its current condition. 
This should be protected from wildfire by treating the surrounding stands.
Treatments:
Is the stand dense with immature Douglas-fir trees and are shrubs and understory growth 
sparse?
• NO: No action needed.
• YES: Surrounding old-growth form ponderosa pine and western larch, a thinning to a 
residual o f  20-30 square feet/acre o f  basal area is prescribed. In the rem ainder o f  the 
stand, a thinning to a residual o f  40-50 square feet/acre o f  basal area is prescribed. Tree 
selection should favor the retention o f  all healthy ponderosa pine and western larch and 
large “old-growth-type” Douglas-fir.
Is further improvement in understory growth and diversity desired?
o NO: No action needed.
o YES: Conduct a  broadcast (low-intensity) prescribed bum , facilitated by 
remaining slash.
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Is regeneration ofponderosa pine and western larch less than the objective and further 
funding is available?
o NO: No action needed, 
o YES: Plant seedlings in full-sun openings.
Monitoring:
Where stands are treated, the stand should be monitored every 5-10 years to measure success ; o f 
the treatments and monitor invasive species. In addition, a maintenance thinning o f the land 
(hand-felling of Douglas-fir saplings) may be needed every 20-30 years to reduce competition 
for shrubs and desired species, to fiirther protect the stand from wildfire, and to simulate the
natural fire regime.
B.1.2 Douglas-fir
The Douglas-fir forest type is typically a transitional forest type between the low-elevation and 
high-elevation forests. Therefore, a wide variety o f Douglas-fir forests are present on the Projec 
Area. Therefore, Douglas-fir is divided into the four sub-types discussed below.
(1) Mesic, north-facing slopes:
This sub-type tends to be low to mid-elevation on north-facing slopes. Typically these are 
a single-species stand, but are occasionally mixed with lodgepole pine.
Maintain these naturally dense stands to provide cover for ungulates. Treatments should 
monitor and, if necessary, increase the health and vigor o f these stands.
Treatments:
Is the stand dense and showing signs o f  insect/disease problems?
• NO: No action needed. .
• YES: Can use improvement thinning if stand is accessible. Thin tol 00
square-feet/acre and retain healthy, vigorous trees.
Monitoring:
Continue monitoring for insect or disease in the stand.
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(2) “O ld-grow th” grasslands:
This sub-type includes m id-elevation patches o f  large o ld-grow th form  D ouglas-fir trees. 
These “o ld-grow th form ” trees are large d iam eter trees that have branches near to  the 
ground and appear to have survived historical fire regim es. T hese stands have in tact blue- 
bunch w heatgrass and A rrow leaf balsam -root understory. Sandy, red soils o r rocky o u t­
croppings are typical.
Goals:
R etain all large “old-grow th” form  trees and increase their health  by reducing com petition  
from  regeneration. In addition, treatm ents should be used to  m aintain  the open grasslands 
as forage for ungulates.
Treatm ents:
Is the Douglas-fir regeneration frequent and competing with the grassland species in the 
understory?
•  N O : N o action needed.
• YES: H and cut D ouglas-fir seedlings and saplings and retain  a few  o f  the health iest 
saplings per acre to replace m ature trees. (80-100 sq ft.)
Is improved growth o f  the understory bunch grass and forb  species desired to provide 
forage fo r  ungulates?
•  NO: N o action needed.
• YES: Use a  low -intensity  prescribed bum .
M onitoring:
C ontinued m onitoring should be used to  ensure that understory  grow th  is desirab le and 
D ouglas-fir seedling  num bers are kept low. A dditional hand-felling  o f  D ouglas-fir saplings 
and seedlings o r additional bum s m aybe necessary  every  20-30  years to m im ic the natural 
fire regim e.
(3) Shrub mix:
This sub-type includes im m ature fir m ixed w ith  large patches o f  dense shrubs.
G oals:
Im prove health  o f  the shrubs to provide brow se habitat. R educe com petition  from  
D ouglas-fir.
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Treatm ents:
Is the Douglas-fir regeneration frequent and competing with the shrub species in the 
understory?
• N O : N o action needed.
• YES: H and cut all D ouglas-fir seedlings and saplings. ( I f  the stand is 
accessible, this can include a  com m ercial harvest o f  any larger D ouglas-fir trees, 
as well).
Is improved growth o f  the understory shrubs desired to provide browse fo r  ungulates?
•  N O : N o action  needed.
• YES: U se a low -intensity  prescribed bum .
M onitoring:
C ontinued m onitoring should be used to  ensure that understory  grow th is desirab le and 
D ouglas-fir seedling num bers are kept low. A dditional hand-felling  o f  D ouglas-fir saplings 
and seedlings o r additional bum s m aybe necessary  every  20-30 years to  m im ic the  natural 
fire regim e.
(4) Subalpine m ix:
T his sub-type includes h igh-elevation D ouglas-fir stands, m ixed w ith  subalpine fire, 
lodgepole p ine, and som etim es w hitebark  pine. D ouglas-fir is often  found as the only 
regeneration  in these stands, dem onstrating a shift in forest type to  one m ore dom inated  by 
D ouglas-fir.
Goals:
M aintain the health  o f  these stands.
Treatm ents:
M anager m ay choose to  allow  natural fires to  b u m  here.
M onitoring:
M onitor health  and status o f  insect and d isease-prone species such as lodgepole p ine and 
w hitebark pine.
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B.1.3 Lodgepole pine  
Goals:
Increase heterogeneity o f  these stands by creating a mosaic o f  multiple age classes and 
structures. Increase available browse. Use proactive treatments to protect these stands from 
beetle outbreaks and stand-replacing wildfires.
Treatments:
Is the stand is stagnant, not reproducing, and/or has beetle infestation.
• NO: No action needed.
• YES: Is the stand accessible and are slopes feasib le fo r  ground-based harvest system
(less than 40%)?
o NO: No further action. Allow natural fire i f  feasible.
o YES: Use patch clearcuts (1-2 acres in size) to mimic the “mosaic” o f  the
mixed-severity fire regime. A ttem pt to include beetle-killed areas in these
cuts. Also attempt to use these patches to create fire breaks. Retain snags for 
wildlife. Ensure treatment o f  infected trees occurs prior to beetle flight in the 
spring and target beetle infested trees.
A fter cutting, is improved regeneration o f  lodgepole p ine  or shrubs desired?
YES: Use broadcast (low-intensity) bum  in the clearcut patches, 
facilitated by remaining slash.
NO: No action needed.
Monitoring:
M onitor health and status o f  insect infection o f  the stand. If  outbreak occurs revisit the 
possibility o f  patch-cut salvage treatm ents where accessible and feasible.
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B.1.4 Subalpine fir/w hitebark pine  
Goals:
Maintain whitebark pine in these stands as it is a keystone species. Reduce threats from stand- 
replacing wildfire, blister rust, and mountain pine beetle outbreaks. To restore natural diversity 
to these stands, remove late-successional species like subalpine fir and Engelmann spruce and 
favor serai species like lodgepole pine and whitebark pine. M onitor the stand for changing 
conditions every 10 years.
Treatments:
Are late-successional species (subalpine fir )  abundant and is disturbed open ground uncommon 
AND/OR is there evidence o f  blister rust in more than 50 percent o f  whitebark pine trees?
• NO: No further action. Allow natural fire to burn.
• YES: Cutting o f  subalpine fir or dying whitebark pine ( if  present) in 1-3 acre patches 
(“Nutcracker openings”). W ithin these patches, remove all trees except for healthy 
whitebark pine and leave slash in patchy distribution to facilitate the option for a 
mixed-severity prescribed bum  (below).
Does the local fo res t lack a healthy whitebark p ine seed  source (within 5 km)? 
o NO: No action needed. M onitor regeneration in patches, 
o YES: Plant blister-rust resistant seedlings in disturbed areas.
Is optimal regeneration o f  whitebark pine desired and  are funds available fo r  fu rther work?
• NO: No action needed.
• YES: Use a m ixed-severity prescribed fire, enhanced by placem ent o f  slash from 
cutting in “Nutcracker openings”.
Does the local fo rest lack a healthy whitebark p ine seed  source (within 5 km)? 
o NO: No action needed. M onitor regeneration in patches, 
o YES: Plant blister-rust resistant seedlings in disturbed areas.
Is there a major bark beetle outbreak in close proxim ity to the stand?
• NO: No action needed.
• YES: Protect healthy, seed-producing whitebark pine trees using anti-aggregation 
pheromones or pesticides i f  funding is available.
Monitoring:
Develop permanent plots prior to any treatment and monitor species composition, tree health, 
and photo points every 10-15 years. M onitoring should take special note o f  blister rust and bark 
beetle impacts. Develop a relationship with Forest Service whitebark pine management 
programs on neighboring lands.
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B.1.5 Aspen
S S s e  the regeneration o f  aspen and other shrubs. Reduce competition and encroachment by 
conifers. M onitor sucker production and health and protect aspen from over-grazing.
Treatments:
Does the stand have excessive conifer encroachment and/or insufficient aspen regeneration?
■ NO: No action needed. Continue monitoring.
■ YES: H a n d  removal o f  all conifers.
Is resulting aspen and shrub regeneration insufficient to meet goals ?
• NO: No further action needed.
• YES: Is ungulate browsing having a negative effect on regeneration.
O  YES: U s e  cut trees as “jackstraw-fencing” to protect
regeneration from excessive browse. Then continue 
monitoring regeneration.
o NO: Patch cutting o f  aspen where there are healthy adult trees 
and patch cutting o f  conifers at the edge o f  healthy aspen 
groves (the latter will increase the size o f  the aspen stand).
Does resulting shrub and aspen growth meet goals?
-  YES: No further action needed.
-  NO: Is ungulate browsing having a negative 
effect on regeneration?
o YES: Use cut trees as “jackstraw- 
fencing” to protect regeneration from 
excessive browse and continue 
monitoring regeneration, 
o NO: Use low-intensity prescribed bum  
through the patches.
M onitoring: . , .
M onitoring should occur between all steps to insure that excessive browsing, conifer growth, or
deteriorating health o f  the stand is not limiting aspen regeneration.
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B.1.6 Shrub lands
Improve health and increase density o f shrubs. Remove competition from fire-sensitive conifers. 
M onitor for over-grazing.
Options:
Hand cut conifers and/or use a  prescribed bum. M ust monitor shrubs for over-browsing as the 
regenerate after fire i f  elk/deer numbers are high. Fencing o f  some kind may be necessary if  
shrub reproduction is inadequate. W ildfire use is appropriate where stands are inaccessible.
B. 1.7  Grasslands 
Goals:
Improve health o f  grasslands. Remove competition from fire-sensitive conifers. M onitor and 
reduce risks o f  invasive species.
Options:
Hand cut conifers and/or low-intensity prescribed bum. W ildfire use is appropriate where 
stands are inaccessible.
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B.2 Im portan t considerations fo r all treatm ents
The following considerations will be important when designing site-specific, detailed 
prescriptions for stands when the plan is implemented. The following considerations are 
practices used by m ost contractors, though special acknowledgement o f wildlife concerns is 
necessary given the project setting.
B.2.1 Access/Roads/Riparian BMPS
Given that the Ovando M ountain Unit is currently roadless, access to stands is a critical 
consideration for treatments. Many o f  the stands in need o f  treatm ent are close to existing access 
points, for others, a travel system will need to be designed.
W here roads are determined necessary and feasible, they should be minimized through 
thoughtful planning and cooperation with adjacent landowners. A full understanding o f  the local 
hydrology will be needed to appropriately design roads and reduce the cumulative impact o f 
sediment runoff, which impacts downstream aquatic communities, including: trout survival and 
reproduction, aquatic insects, aquatic vegetation, and the wildlife that feed o ff these 
communities.
Restoration o f  roads (removal o f  berms, turning o f  compacted soil, restoration o f  natural 
drainages and re-seeding) should occur for most roads and skid trails used for projects 
implemented in this area. However, where multiple entries will be necessary roads should be 
appropriately maintained following the voluntary road planning and design standards in the State 
o f  M ontana Best M anagement Practices to protect the watershed and wildlife comm unities (For 
more information see “W ater Quality BMPS for M ontana Forests” produced by M ontana State 
University Extension Service). A brief review o f  several BM Ps follows:
o Design roads to follow natural contours, based on stable geology and minimize 
stream crossings.
o Design roads to minimize disruption o f  natural drainage patterns, 
o Design roads to the minimum standard necessary (a 12-foot wide roadbed can 
accommodate m ost log trucks), 
o Manage roads and enforce road restrictions where necessary to eliminate the need for 
higher standards (closures, fencing, etc.) 
o Drainage features should be designed and m aintained (culverts, water diverters, water
bars, etc.).
B. 2.2 Harvest systems
For those projects that include harvest it will be important to consider the m ost appropriate 
harvest system. For many o f  the prescriptions (particularly grass land and shrub), no roads or 
machinery are needed and the few small trees that may be cut can be hand felled. For other 
systems, a  significant amount o f  tim ber will be harvested and ground-based harvest systems will 
be used.
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Voluntary planning standards in the State o f Montana Best Management Practices should be 
implemented to protect the watershed and wildlife communities. A brief review of several 
BMPs follows:
o Avoid wet areas, unstable slopes, seeps, and natural channels, 
o Avoid operations in wetlands except when frozen.
o Use direction felling and alternative skidding near wetlands or streamside zones, 
o Avoid skidder or tractor use in unstable, wet, or easily compactable soils, 
o Design skid trails to minimize soil disturbance -  avoid step slopes or sensitive soils, 
o Use logging systems that best fits the topography, soil type, and season, while
minimizing soil disturbance and economically accomplishing silvicultural objectives.
Table F.l in Appendix F provides a description o f harvest systems, their benefits, limitations and 
costs.
B.2.3 Streamside management zones (SMZs)
There are several stream channels that travel through the project area and protection o f these 
streams will be important for wildlife species, cooperation with adjacent landowners, and to 
comply with state laws. Unlike the BMPs for watershed protection, SMZs are legally mandated 
minimum boundaries (see Montana Guide to the Streamside Management Zone Laws and Rules 
produced by the DNRC Forestry Division). They require at least 50 feet o f  buffer zone on either 
side o f streams (100 feet where there are steep slopes greater than 35%). Skidding and tractor 
travel must not be done in these areas, but directional feeling or sensitive equipment may be used 
if necessary. It is important to retain trees leaning towards the stream or snags in the stream as 
these are important to maintain wildlife habitat.
B.2.4 Invasive species
Treatments that involve machine harvest, burning, and multiple entries pose a major risk for 
spreading invasive species into the project area, which is currently almost entirely native species. 
This is particularly true given the condition o f adjacent lands which have abundant invasive 
species. Therefore, invasive species BMPs should be followed where feasible:
o Harvest operations over snow.
o Monitor roadways for spread o f  invasive species and remove or apply herbicide, 
o Follow seed-free machinery standards.
B.2.5 Timing o f  treatments
To reduce impacts to soils and risks o f spreading invasive species, ground-based harvest 
operations typically occur over snow (November-April); however, in high elevation portions of 
the project area this may not be feasible due to deep snow. In addition, wet conditions may be 
common throughout much o f the year when snow-cover has melted. These wet conditions 
should be avoided and a summer or fall harvest might be ideal.
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However, there are many other considerations for timing. Given the area’s designation as a 
W ildlife Management Area, it is important to time treatments to cause minimal disturbance to 
the various species, especially to sensitive species o f  state-designated Species o f  Concern (see 
next section). Many species are especially sensitive during spring breeding times. However, it 
may be especially important to consider impacts to fall and winter hunting season and ungulate 
behavior prior to hunting season in this area as well.
In addition, tim ing should be considered when projects are proposed for adjacent stands. 
Though, it is efficient to utilize the same resources to do multiple projects the scale o f  the 
disturbance and landscape heterogeneity (diversity o f  forest ages and structures) should be 
considered.
B. 2.6 Visuals
A large portion o f  the project area is highly visible to local residents. Therefore, projects should 
consider visual impacts. Roads and harvest or burning units should be designed to fit with the 
natural contours and with few straight lines.
B.2. 7 Species o f  Concern
Several non-game species o f  concern may use the project area and adjacent lands. Forest 
restoration and habitat improvement should avoid impacts to these species and attempt to 
provide benefits where feasible. The following table lists the species identified as concern 
species for the area by FW P biologists and discusses the important considerations to avoid harm 
to the species as well as some techniques that have the potential to provide benefits to the 
species. All o f these general considerations will be included with each restoration prescription 
when feasible as standard best management practices. In addition, an increased awareness o f 
wildlife concerns will be an important aspect o f  all restoration work.
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TABLE B.2: Species o f concern for the Qvando M ountain project area.
Species o f Concern Im p o rtan t considerations Potential benefits
Birds
Clarks nutcracker Highly dependent on the survival 
o f a healthy whitebark pine seed 
source.
Benefits from restoration o f large 
ponderosa pine and protection of 
whitebark pine.
Common loon Nesting within the watershed so it 
is necessary to be sensitive for 
erosion within the watershed.
Great grey owl Early spring nesting, avoid 
harvest.
Flammulated owl Maintain large snags
Black-backed woodpecker Benefits from burning
Lewis’s woodpecker Benefits from thinning/fire 
protection around large old snags.
Olive-sided flycatchers Selective harvesting that mimics 
fire may have negative effects on 
survival (see Robertson and Hutto 
2007)
Would benefit from fire as it uses 
early serai forests and shrub 
areas.
Amphibians
Western Toad An ephemeral pond near the peak 
o f Ovando Mountain has been 
identified as a potential breeding 
site.
Prescribed fir benefits this 
species.
Mammals
Hoary bat Log in fall or early spring, avoid 
summer.
Will benefit from fire protection 
as it uses large snags and trees.
Grizzly Bear Reduce road densities Will benefit from protection and 
restoration o f  whitebark pine and 
fruit-bearing shrubs.
Plants
Whitebark pine (may be 
added as T&E)
Healthy trees should be given 
special protection.
Will benefit from thinning o f 
adjacent forest to reduce fire risk. 
Will benefit from prescribed fire.
Howell’s Gumweed Invasive species have a 
detrimental impact on the species, 
as does herbicide use.
Benefits from light disturbance.
B.3 Prescriptions and Priority Ranking for Individual Stands
See Table B.3 for recommendations and notes for individual stands. The table also shows the 
potential to generate value from commercial tim ber sales (+) or i f  the project will incur a cost (-). 
See Appendix A for descriptions and locations o f  individual stands.
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Table B.3: Prescriptions, and Priority  Ranking for Ovando M ountain Stands
Priority
Ranking
S tand Acres Forest
Type*
Prescription Cost/
Revenue
54 0 111 Dfsa N o action, w ildfire use 0
5 1 21 Sh Prescribed fire throughout stand. -
35 2 68 SF N utcracker openings -
36 3 79 SF
N utcracker openings, protect healthy W B P from pine 
beetle attacks.
39 4 40 SF N o action, w ildfire use 0
59 5 34 Sh No action, w ildfire use. 0
45 6 65 LP N o action, w ildfire use 0
58 7 33 Sh N o action, w ildfire use. 0
55 8 35 Dfsa N o action, w ildfire use 0
46 9 46 SF N utcracker openings -
60 10 5 G No action, w ildfire use. 0
53 11 4 SF No action, w ildfire use 0
33 12 6 SF No action, w ildfire use 0
49 13 41 LP No action, w ildfire use 0
41 14 45 DFm No action. 0
61 15 120 Sh No action, w ildfire use. 0
29 16 52 PP
V ariable retention thinning (20-50 sq ft residual), retain 
cover near riparian areas. +
62 17 39 Sh N o action, w ildfire use. 0
32 18 40 Sh Com m ercial harvest w here possible and prescribed fire. +
57 19 66 DFm No action. 0
8 20 34 PP
V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas. +
63 21 9 G No action, w ildfire use. 0
64 22 68 Sh No action, w ildfire use. 0
65 23 26 Sh No action, w ildfire use. 0
44 24 61 DFm No action. 0
51 25 62 Dfsa No action, w ildfire use 0
13 26 32 PP
V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas. +
47 27 17 Sh No action, w ildfire use. 0
52 28 85 Dfsa No action, w ildfire use 0
10 29 56 PP
V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas. +
43 30 74 D fsa N o action, w ildfire use 0
66 31 60 G No action, w ildfire use. 0
67 32 25 G No action, w ildfire use. 0
9 33 85 Sh Prescribed fire throughout stand. -
48 34 80 DFm N o action. 0
56 35 102 LP N o action, w ildfire use 0
3 36 38 Sh Prescribed fire throughout stand. -
27 37 179 Dfo
R educe to 100 sq ft, retaining large DF in clum py 
pattern. R em ove im m ature DF w ith com m ercial 
harvest. +
17 38 30 Dfo
Retain large DF, reduce to 80 sq ft. R em ove im m ature 
DF by hand felling.
♦(F orest Types: PP  =  ponderosa  pine/w estern  larch, D F o=  D ouglas-fir o ld -g row th  grasslands, SF  =  suba lp ine  fir/w hitebark  pine, 
LP = L odgepole p ine, Sh =  Shrub lands, D Fs =  D ouglas-fir sh rub , Q A =  Q uak ing  aspen, D F sa  = D oug las-fir suba lp in e  , D F m  = 
D ouglas-fir m esic, G rasslands)
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Table B.3 (CONT): Prescriptions, and Priority  Ranking for Ovando M ountain Stands
Priority
Ranking
Stand Acres Forest
Type*
Prescription Cost/
Revenue
16 39 92 Sh Prescribed fire throughout stand. -
14 40 66 Sh Prescribed fire throughout stand. -
15 41 52 Sh Prescribed fire throughout stand. -
20 42 100 PP V ariable retention thinning (20-50 sq ft residual), retain 
cover near riparian areas. +
31 43 34 PP V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas. +
24 44 44 Sh C om m ercial harvest o f  all trees, retain pine. Prescribed 
fire throughout stand. +
11 45 83 Sh Prescribed fire throughout stand. -
4 46 40 Sh Prescribed fire throughout stand. -
28 47 43 DFs Reduce to  60 sq ft by retaining large DF and large open 
patches. Rem ove im m ature DF by hand felling.
25 48 57 Dfo
Reduce to 100 sq ft by retaining large DF in clum py 
pattern. Rem ove im m ature DF by hand felling.
40 49 115 LP N o action, w ildfire use 0
22 50 50 Dfo Reduce to  100 sq ft by retaining large DF in clum py 
pattern. Rem ove im m ature DF by hand felling.
2 51 64 Sh Hand fell and prescribed fire. .
50 52 30 DFm N o action. 0
19 53 78 Dfo Reduce to 100 sq ft by retain ing  large DF in clum py 
pattern. Rem ove im m ature DF by hand felling.
42 54 47 DFs Reduce to 60 sq ft by retaining large D F and large open 
patches. Rem ove im m ature DF by hand felling.
6 55 43 Sh Prescribed fire throughout stand. -
18 56 33 Sh Prescribed fire throughout stand. -
68 57 84 DFm N o action. 0
26 58 80 Dfo
Reduce to 100 sq ft by retain ing large DF in clum py 
pattern. Rem ove im m ature or excess DF w ith 
com m ercial harvest. +
38 59 126 DFm N o action. 0
30 60 41 PP V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas. +
34 61 35 PP V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas. +
1 62 65 QA C onifer-cutting and m onitor regeneration. _
7 63 117 PP V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas. +
21 64 71 Dfo
Reduce to  100 sq ft by retaining large DF in clum py 
pattern. R em ove im m ature o r excess DF with 
com m ercial harvest +
37 65 62 DFm N o action. 0
23 66 38 PP V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas. +
12 67 77 LP C om m ercial harvest in patch cuts to  sim ulate “m osaic” 
and focus on beetle killed portions and flat places. +
♦(Forest Types: PP = ponderosa pine/western larch, DFo= Douglas-fir old-growth grasslands, SF = subalpine fir/whitebark pine, 
LP = Lodgepole pine, Sh = Shrublands, DFs = Douglas-fir shrub, QA= Quaking aspen, DFsa = Douglas-fir subalpine, DFm = 
Douglas-fir mesic, Grasslands)
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APPENDIX C: FULL HIERARCHY OF OBJECTIVES WITH WEIGHTS
Table C .l: Guide to H ierarchy Objectives and C riteria
Variable Code Description Units
HABITAT
Elk Forest habitat 
im provem ent
Forest The change in forest habitat quality  w ith 
treatm ent.
H abitat Rank Change
Elk Shrub Im provem ent Shrub The use o f  forestry prescriptions that will 
im prove shrub (and brow se) availability 
and quality.
N one, O pen C anopy, 
Prescribed B um
M ule D eer Forest habitat 
im provem ent
Forest The change in forest habitat quality  with 
treatm ent.
H abitat Rank Change
M ule D eer Shrub 
Im provem ent
Shrub The use o f  forestry prescriptions that will 
im prove shrub (and brow se) availability 
and quality.
N one, O pen C anopy, 
Prescribed B um
G rizzly habitat quality Grizzly
bears
H abitat quality  as m easured by berry 
availability (percent cover)
Percent
N on-gam e habitat value N on­
game
Relative volum e o f  coarse w oody debris A verage cubic feet 
per stand
HEALTH
M ountain Pine Beetle 
risk rating
MPB FV S-generated M PB risk-rating (1-10) R ating 1-10
W hite pine blister rust W PBR W hite pine blister rust categorical risk 
rating.
H igh, m edium , low
C row n fire risk Fire FV S-generated C row n index (m i/hr) M iles per hour
COST
H arvesting difficulty Slope Average slope o f  stand Percent Slope
Road construction needs Roads D istance from existing  roads to  edge (m) M eters
Acres o f  prescribed fire Bum A cres o f  prescribed fire planned A cres
Acres o f  hand crew  work Hand A cres o f  handw ork/slashing prescribed A cres
REVENUE
Potential for cooperation Coop C ategorical - potential for cooperation 
w ith neighbors
High, M edium , Low
Potential for grants Grants C ategorical -  potential fo r grant funding H igh, M edium , Low
Com m ercial tim ber 
harvested
Tim ber M illion board feet com m ercial tim ber to 
be harvested w ith prescribed treatm ent
M M BF
COM M UNITY
Potential for education Ed C ategorical - potential for educational or 
dem onstration
High, M edium , Low
C om m ercial tim ber 
harvested
Tim ber M illion board feet com m ercial tim ber to 
be harvested w ith prescribed treatm ent
M M BF
Potential for cooperation Coop C ategorical - potential for cooperation 
w ith neighbors
H igh, M edium  Low
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4ŜO
bsl/lo
l/l
Os
so-J
4sto
to4s o o o o o o o o
to
SO
kl
Os O O o o
X33Q.
o o o o o o o o o o o o o o o o o o o o O O o o
ooo
■a
0.0 ©In
o
©
p
©
p
in ©
p
l/l
p
l/l
p
©
o
©
o
©
p
b
p
b
p
b
o
b
o
b
o
b
o
b
p
b
o
b
o
b
o
b
o
b
p
b
p
In
p
l/l
o
b
p
b
p
b
o
b
o
b
o
b
o
b
p
b
O-t33
0.58
o
too o
o
to~~i
p
Ino
o 
© —1 
so
o
toIn
o
4.4* o
o
to4s o o o o o o o o o o o o o
o
b-tsto
o
bo klo o o o o
o
toto o o o
2
2
CO
o o o o o
p
In o o o o o o o o o o o o
p
l/lo o o
p
In o o o
p
in
p
In
p
In o o o
p
In o
mc.
0.58
p
too o
o 
to 
— I
p
in
©
o
©-oso
o
toIn
o
4s4s o
p
to4s o o o o o o o o o o o o o
o
b4slO
o
bo klo o o o o
o
toto o O o
2
2
CO
’■*]
o - o
-
o o o o o o o o o o o o o o — _ __ _ o o o o o o O o
Ooo
-a
Table 
D.l 
(C
O
N
T
): 
C
riteria 
m
easurem
ents 
for 
all alternatives.
■*5 rn
Table 
D
.2: 
C
riteria 
m
easurem
ents 
for 
all alternatives, scaled.
1 
6
7 66 65 Os4̂ O'CDO'to O'
60 c/1so C/ioo c/i-J
C/i
O'
C/l
C/i C/i■fc*.
C/lCD
C/l
to c/i C/i© ■t*sOOO~o O' ■fe.c/l
1 
44 CD-tsto -t*.
40 39 CDOOCD~o
CD
O'
CD
C/l
CD
S
tan
d
o
CD
©
O'
©
b
O
b b
o
b
o
b
o
b
o
b
o
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
©
b
"r\ PI
® T- n cn •-*
0.43
O
k)
sO
p
b
o
o
b
O'
p
b
~J
O
b
~o
p
to
p
to
p
b
o
p
b
O'
©
b
O'
©
b
©
©
b
©
©
b
©
©
b
©
©
b
©
©
b
-O
©
b
©
©
b
©
©
b
©
©
b
O'
©
b
©
©
b
©
©
b
©
©
to
sO
©
b
O'
©
b
©
©
b
©
©
b
©
p
b
©
©
b
©
©
b
-o
©
b
©
©
b
©
3 °  2o n “  "J n c
S "* « <-►
0.5 Ob o
p
b
p
l/i
p
b
o
b o
p
b ©
©
b
©
b ©
©
b ©
©
b
©
b
©
b
©
b
©
b
©
b
©
b © ©
(/>ST-1
C
O"
o
o
o
b
o
b
p p o
b
O
b
O
b
p © ©
©
© ©
to
©
to
© © ©
to
©
©
©
©
©
©
© ©
to
© ©
b
©
©
©
©
©
©
© ©
©
©
b
© © ©
©
©
©
an_
n’
o
o
© p
b b
p
b
p
b
p p
b
p
b
©
b ©
© ©
b ©
©
©
©
© ©
© ©
©
©
©
©
©
©
b
©
©
©
©
©
©
©
© ©
©
©
© ©
©
© ©
©
Z 
= o 3 3 re 1
0.3 otO
p
o
p
o
p
oo
© p
to o © © © © ©
©
© ©
©
b © © © © ©
© ©
© © © © © ©
©
b
©
to
2
"0
03
o O o o o o o o o © © © © © © © © © O © © © © © © © © © © © © © ©
"0
03
50
8
0 O
00 b
p
00
o
b
p
oo
o
b
o
b b
©
b
©
©
©
©
©
b
©
©
©
CO©
©
b
p
00
p
00
©
b
©
b ©
©
©
©
b
© ©
b
p
b
©
b
©
©
©
b
©
b
©
-J
©
oo b
3■T
o
cr
©■ao
S
O
b b b b b b b b
©
O' © © © © © © © © © © © © ©
©
b b © © © © ©
©
© © © ©
73
oto
a.
o b b b b b b b b b ©
©
-J
©
O' © © ©
©
b © b © ©
©
O'
©
to
©
O' © ©
©
b
©
b
©
to © ©
©
b © ©
03
c
I3
b b b b b b b b b © b © ©
©
b
©
© ©
©
io
©
b ©
©
b
©
b © © b © © © © ©
©
O' © © © ©
Xto
3
Q.
o _ o o © © © © © © © © © © © © © © © o © © © © o
no
o
■a
0
0 p
l/i
o
b
o
b
p
l/i b
p
b
p
b
p
b
©
©
©
©
©
b
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
o
©
©
b
©
b
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
b
O
2
3
0.34
p
to
o
b
o
p
O'
p
b
o
p
bC/l
©
C/l
p
to
O'
o
b
o
© ©
©
©
©
©
©
©
©
©
©
©
©
o
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
b
©
©
©
©
©
©
©
©
b
©
©
©CD
©
b ©
©
©
©
©
©
©
©
o
b
©
©
b
©
©
CD
©
©
©
©
©
©
©
©
©
2
2
CO
o o o o o
p
l/i o o o © © © © © © © © ©
©
b © © ©
©
b © © ©
©
b
©
b
©
b © © ©
p
b ©
pi
Q.
0.34
p
to
o
b
o
p
O'
p
b
o
o
bC/i
p
c/1
o
to
O'
o
bo
© ©
©©
©
©©
©
b
©
©
©
©
©
©
©
©
©©
©
b
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©
©CD
©
© b
©
©
©
©
©
©
©
©
©
O
©
©
o
©
CD
©
©
©
©
b
©
©
©
©
2
03
T i
o - o
°
° | © © © © © o © © © © © © — — — — © © © © © © © ©
OOo
■o
Table 
D.2 
(C
O
N
T
): 
C
riteria 
m
easurem
ents 
for 
all alternatives, scaled.
APPENDIX E: RANKED LIST OF STANDS AND PRESCRIPTIONS
Table E .l: Ranked list of stands with recom mended prescriptions.
Priority
Ranking
Stand Acres Forest
Type
Prescription
1 62 65 QA C onifer-cutting and m onitor regeneration.
2 51 64 Sh Hand fell and prescribed fire.
3 36 38 Sh Prescribed fire throughout stand.
4 46 40 Sh Prescribed fire throughout stand.
5 1 21 Sh Prescribed fire throughout stand.
6 55 43 Sh Prescribed fire throughout stand.
7 63 117 PP
V ariable retention thinning (20-50 sq ft residual), retain 
cover near riparian areas.
8 20 34 PP
V ariable retention thinning (20-50 sq ft residual), retain 
cover near riparian areas.
9 33 85 Sh Prescribed fire throughout stand.
10 29 56 PP
V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas.
11 45 83 Sh Prescribed fire throughout stand.
12 67 77 LP
C om m ercial harvest in patch cuts to sim ulate “m osaic” 
and focus on beetle k illed portions and flat places.
13 26 32 PP
V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas.
14 40 66 Sh Prescribed fire throughout stand.
15 41 52 Sh Prescribed fire throughout stand.
16 39 92 Sh Prescribed fire throughout stand.
17 38 30 Dfo
Retain large DF, reduce to 80 sq ft. R em ove im m ature 
DF by hand felling.
18 56 33 Sh Prescribed fire throughout stand.
19 53 78 Dfo
Reduce to  100 sq ft by retaining large DF in clum py 
pattern. R em ove im m ature DF by hand felling.
20 42 100 PP
V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas.
21 64 71 Dfo
Reduce to 100 sq ft by retain ing large DF in clum py 
pattern. R em ove im m ature o r excess DF w ith 
com m ercial harvest
22 50 50 Dfo
Reduce to 100 sq ft by retain ing large DF in clum py 
pattern. Rem ove im m ature DF by hand felling.
23 66 38 PP
V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas.
24 44 44 Sh
Com m ercial harvest o f  all trees, retain pine. Prescribed 
fire throughout stand.
25 48 57 Dfo
Reduce to  100 sq ft by retaining large DF in clum py 
pattern. Rem ove im m ature DF by hand felling.
26 58 80 Dfo
Reduce to  100 sq ft by retaining large DF in clum py 
pattern. R em ove im m ature o r excess DF w ith 
com m ercial harvest.
27 37 179 Dfo
Reduce to  100 sq ft by retaining large DF in clum py 
pattern. R em ove im m ature DF w ith com m ercial harvest.
28 47 43 DFs
Reduce to  60 sq ft by retaining large DF and large open 
patches. R em ove im m ature DF by hand felling.
29 16 52 PP
V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas.
30 60 41 PP
V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas.
♦(Forest Types: PP =  ponderosa pine/western larch, DFo= Douglas-fir old-growth grasslands, SF =  subalpine fir/whitebark pine, 
LP =  Lodgepole pine, Sh =  Shrublands, DFs =  Douglas-fir shrub, QA= Quaking aspen, DFsa = Douglas-fir subalpine , DFm = 
Douglas-fir mesic, Grasslands)
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Table E .l fCONT): Ranked list of stands w ith recom mended prescriptions.
Priority
Ranking
Stand Acres Forest
Type
Prescription
31 43 34 PP
V ariable retention thinning (20-50 sq ft residual), retain 
cover near riparian areas.
32 18 40 Sh Com m ercial harvest w here possible and prescribed fire.
33 12 6 SF N o action, w ildfire use
34 61 35 PP
V ariable retention th inning (20-50 sq ft residual), retain 
cover near riparian areas.
35 2 68 SF N utcracker openings
36 3 79 SF
N utcracker openings, p ro tect healthy W BP from pine 
beetle attacks.
37 65 62 DFm N o action.
38 59 126 DFm N o action.
39 4 40 SF N o action, w ildfire use
40 49 115 LP N o action, w ildfire use
41 14 45 DFm N o action.
42 54 47 DFs
Reduce to 60 sq ft by retaining large DF and large open 
patches. Rem ove im m ature DF by hand felling.
43 30 74 Dfsa N o action, w ildfire use
44 24 61 DFm N o action.
45 6 65 LP N o action, w ildfire use
46 9 46 SF N utcracker openings
47 27 17 Sh N o action, w ildfire use.
48 34 80 DFm N o action.
49 13 41 LP No action, w ildfire use
50 52 30 DFm N o action.
51 25 62 Dfsa N o action, w ildfire use
52 28 85 Dfsa N o action, w ildfire use
53 11 4 SF N o action, w ildfire use
54 0 111 Dfsa N o action, w ildfire use
55 8 35 Dfsa N o action, w ildfire use
56 35 102 LP N o action, w ildfire use
57 19 66 DFm N o action.
58 7 33 Sh N o action, w ildfire use.
59 5 34 Sh N o action, w ildfire use.
60 10 5 G N o action, w ildfire use.
61 15 120 Sh N o action, w ildfire use.
62 17 39 Sh N o action, w ildfire use.
63 21 9 G N o action, w ildfire use.
64 22 68 Sh N o action, w ildfire use.
65 23 26 Sh N o action, w ildfire use.
66 31 60 G N o action, w ildfire use.
67 32 25 G N o action, w ildfire use.
68 57 84 DFm N o action.
♦(Forest T ypes: PP  =  ponderosa  p ine/w estern  larch , D Fo= D oug las-fir o ld -grow th  grasslands, SF  =  suba lp ine  fir/w hitebark  pine, 
LP = L odgepole p ine, Sh =  Shrublands, D Fs =  Douglas-Fir sh rub , Q A =  Q uak ing  aspen, D F sa  =  D oug las-fir su b a lp in e , D Fm  =  
D oug las-fir m esic, G rasslands)
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APPENDIX F: ADVANTAGES, DISADVANTAGES, COSTS AND LIMITATIONS OF
HARVESTING METHODS
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APPENDIX G: OTHER USEFUL MAPS AND FIGURES FOR PLANNING
APPENDIX H: HOUSE BILL 42 - AN ACT REQUIRING THE DEPARTMENT 
OF FISH, WILDLIFE, AND PARKS TO ADDRESS FIRE MITIGATION, PINE 
BEETLE INFESTATION, AND WILDLIFE HABITAT ENHANCEMENT FOR 
CERTAIN LANDS UNDER DEPARTMENT JURISDICTION; ESTABLISHING 
A FOREST MANAGEMENT SPECIAL REVENUE
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